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KHfKNTS OF TIIK SM1T11SI (MAS INSTITUTION. 


Bv the nrganUinp approved August J‘L 1MH fRt'i rsed Statutes, 
Title LXXIll, MxtiuH .ViSO) t ■’ The business nf tin- Institution shull 
l# conducted hi tin! city of Washington by u Board of Regents, named 
tii>' Regent* of the Smithsonian Institution, to lie rotnposed nf the 

Vice-President. tins <’hiof Jiistii.. i the l mted Stales, three mein her* 

of tbe Senate, u«d tliri it memliers of the House of Representatives, 
together with six other jtersons. other than mcmlters of (Ymgres-, two 
of w hom shall be resident in the city of Washington and the other 
four si i sill he inhabitants of some State, hut no two of the same Stale. 


RF.fiKVTs ini: rui: ykmi kxmxh jfsk m, raw. 

'(1»- Chief Justice of the t'nitei! Stall*: 

MFLVILhK \V. FT'liliKII, eldM t'hsiirvllnriut.l Ptwiideiit of the Knonl, Jan¬ 
uary it, 188 ft. 

Tin* Viec-Fnasliili'iit iff this Statu*: 

THEODORE KOOKKVELTd-iHi^l. t-l. 1WH, ttlwn 1^ tnawne PnwBsiitK 

Unli4.nl fttotra Jkmafcirij Term 

HlIKUiY >1. CUU-O.VJ irijiptfiii^t Mar. 24 r 18*5, Mur* ft 1 Sft 

Ihv. ft imt, tunl Mar. 7 r 11X11) . ... ^ lir *+ 1907 

< IRV I[XK 11 . PLATT ( appuotal Jim. !S, lj „ .- ™ »- ■ Mar. X IWXA 

Ki£ANTIS Ms COCKRELL iippoint^l Mar. 7 t IBOI) Mar. 

Mnnlh'rs of the Huiw nf 1ft in^ntalive*: 

ROBERT tt. litTT (npfKiSiiti'il Au*. lip imjadi 4, ltfH, Ifcv. 


ft (BN*, IIih-. 22-J. 1H1+7, W 4, 1000 T ami Ikir- 13 # mi .. ft lfl03 

ROBERT A DAMS, Jfn. l ApE^iinfi-ct IXh\ ft 18ft IXh-, ft l«!7 r 

Jan. 4; 10ft sunt ft UN11 i -... .. ft JWtl 

IIn r11 A. DINS MORE i;tHP|ioim**.Uiiiu4, IN- ft IWH IX" - ft 

CftiiuU* uf it Stall 1 : 

JAMES B. ANOEIX uf MieftraJi Sappointtnl J*u. 15> P 1&N7, Jan, 

M r 10ft amt Jan. 24, 1SSHJU_- Jjlrtj LM - mv * 

ANDREW U, WHITE, <4 Nuw Y..rk (aj>]Hi3ijt+*l FtX. ft 1Aft 

M bt. lf>. I ^4, ami J nn e 2. If 00)... ------ . • - 11 fcTI 1 " -- 1 W® 

llt( HARD OLNEY^of MnjJsaiAiiiAatH {appcunU*4 Jam 24, ttQO) Jan. 24. MNMi 

Oitlieim ui WuslungtAA dly: 

JOHN It. HENDERSON iAfipninLAfl Jan ft ]"4g. Will Jail* 24, 

1BQK) ..... . ..... Jnn. 24 r I SHU 

ALEXANDER GRAHAM BULL (ARiiointLHl Jan. 24, WW) . Sm\. 24, 1U(H 

<4 E( )Rt i E l.t It A Y (a| >|iwh I Jan, 14 r 11*01 1 .......... J ini. 14 h 11H17 


Krsftft H'r o/ thf uf 

J* R. TtiMrtWti P ^JfinNdli, (iK.Ytl.i34 Hy.LU 
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RidM.irT R. Hitt. 













PROcBEIHNaS lIF THK HOARI> or IIEUEXTS AT THE WM \L 
V EHTINt! HELD JAM VUV ”, \m. 


In aceordunce with u resolution of the of Regent** adopted 

January S, lssm t }>v whieh Ii> uiiehuiL lihgting oeeni> oh I In* fourth 
Wednesday of tutrli vnir, tin- Board met to-day at Its oVIoek a. in. 

Present: I'hief Justice Fuller, tChaiirellnrb hi the idiair; the tlon. 
William P. Frye; (he Hon. S, M, CuHum; the Horn O. II. Platt; the 
Hun. F- M, Foeksvll: the Moil Hubert Adum^ jr*; the J]on. Hugh 
A. Pitisinore; |lr + Jtimes B* Angelp E In- 13mi, .lei in K I [ciiderson: 
the Iloit, (lenr^e Umyi Pr\ A. t imhsiin Hell; the lion. KictuirdOlney, 
and tlir Secretary* Mr. S. P. Fungley. 

Kxt'i ;s y< n m >i ^attfao.\m -k . 

The Secretary explained that Mr- Uitt was mm Me to Th> present 
owing h) temporary indisposition* and that Hr. Andrew 3 k White wnu 
in Europe. 

At the suggestion of the i 'hamudlor. the Hoeretnry rend the mi mites 
of the last meeting in aMruet, and there bring im r.bji^tioiu they 
weiY^ declared approved. 

AFPOIKTMENT OF REGENTS. 

The Secretary stated that Vice-President Roosevelt hud U-en 
CX-ailicio ;i iin-ndier uf the Hoard. Hut that by reason uf his suiresdoii 
on September 14, 1L"11. to the Presidency through the death < d Prr>i- 
dent MeKLnJoy, Ills membership upon the Board had erased, and he 
laid beeti[tie the presiding officer of the Institution, In aiecovdance 
with precedent, :m invitation hid been extended to the President pro 
tempore of the Senate, the lion* William P. Frye, to attend the meet¬ 
ing in phive of the Vice- President. The Si-eretury an non need the 
appointment of Senator Krnncis M. (JWkrrll, of Missouri, to Hueeeesl 

Senator IjiiuUuy. and the reappointment of Senator S. M, t ..and 

of Representatives IL K. Ilitt, liolwrt Adnm.s. jr*,iind Hugh A.Piii*- 
more, whose terms had expired. 

The Secretary read n letter from Mrs* W. L. Wilson expressing 
her thanks for the'engrossed rc*olntiori:s adopted by the Board nl the 
liLht meeting on the death of her hiishitnL Dr. William Lyne Wilson. 
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PROCEEDINGS OF THK UftAKI) OF REOEHTS* 


XU 

Hiu Secretary presented hi* report nf the iipemtion* of tho Institu¬ 
tion for the fbi^al year ending June SO. whtt-li wils accepted, and 

in which In* invited the Bonnie attention to the * tote men ts t^necrriiog 
the National Zoological Park* the Intermit Iona I Exchange Bureau, and 
the other interest* under their dmige, EJo spoke particularly with 
r%artl to the crowded condition of the National Museum, the nerd for 
additional Hpnee for the exhibition and r ;ire of the increttsmjT collec¬ 
tion*, and the need of special action to secure it. 

After discussion* the following resolution wns tidoptad; 

JhWtW, Th*t m itJinniittir nh otctntftn of this Ikmnt tie appointed 

by the rhunei'll&Tp whose duty it >i ul13 In- e.. represent to (VafrN the prv&inj* 
necessity nf additional I mum for the praper exhibition of specimens belungmu* tn the 
^Mtional Mnscatn, ittirl ..f 4 /Jdiiiinmt aprpmpifatiaEtg to carry »m the wucfc of tin* 
MlLHelllil. 

The (yhuEH^llor iip]HuiLtetl us member* of this committee, Semtor* - 
Plntt, Culkmn and t oekndh and Kepresciifciitive.s Hitt. Asking and 
Dinstnorc* 

Sunitor Hendemiu* ns eburrnun of the executive Lommibte+% pre- 
Minted tile annual report of that E ominiH.ee for the tiscnl yetir ending 
June JH> t 1001. 

On motion, the report was adopted, 

RKI'O&T itv TilK UKHHAHHNT (X»1 M ITTKFb 

Senator Henderson, tdminruin of the jicmmnenl committee., imdn 
the following statement: 

THE HOfHlKlX* FFXJJ. 

The Ke-ieHb Mill reiueinbi-r ih-ftl 111 JnhHtkui tu tin heiiki of fcpjimrifliafalyJ^pOtn 
already dcjxvdted b the general fmol ooii*tiuited by the IhHlgkKDu bwpiua, mini 
in^VdiLHs kindsof a present market value of i»-rhaj^ £42*000,already tti thecustody 
of the liLHlitulinu P a o-sidaul mm uf about $11,401) E* still in the hand* r.f the uvtvLitnr 
of ihe i^lati-p and Lfd^niti^l with the Nevr York in^imiiii-e and Tnei iVitHpany of 
New York fitVj hy or.3-.Toi enurt, awaiting the din-Lsiou o| certain vtxkte itt which the 
liiihllily id the l^-uiie ef Mr. Hodgkins* on mceotmi of n WAfrsuUy of title hy him in 
tht' transfETof rvrliu u priijierty in Ni>w York I 'Iky, in in iptt^tion- 

One of the two small pn ijeKih- in Jliizabethp 5, J. r derived try the kudhutlcm 
tlunagh sh*.- 3 fodgkimt wa* n M during He- year, with lb- approval of the 

penieinciit LorunilUrc, for |(SIM]. The rtunnmuiK property, iHuunating of ll nhiglB 
house and h>t r thu vtdm of which hi estimated at -f ijh3d r htw ks-u l ontimiiNl in the 
ittre iif the h-la] a^i uta in FCIinhelln who have hi*a ehnntud with its nuuja^- 
iueiil for m- vi.'ml ymr*. It is*, in ilm opinion of the la-nniueat miiLiolUi^-, di^lrahte 
Hint thbi final I holding It 1 i kn • wi-—dinj id whemver jui ripportunity for It* ^le 
at a fair prliv is 

TUK iVKav IT NO. 

The prajiertifs on. j 3 vol hy the Ijutltntion fr< jijl the Avery foequeiji Imve been i^nth 
iiiateil to bn worth Bth They mv uuedly unimpnm-dp and yieUI a nweimeuf 
only ahum ^lOu hir. Mw, Julia S * r formerly yt^Jnlb S A very \ pre¬ 
dated a dahn for Mgainri the liittitution un cu^MHini of a i%lit eiu roachuLent 


PJUK'KEJIXXGS OF IIIK liUAKD nF UKOKNTS* 


XJU 


1>V niie of i Ju 1 Ii-n H rtin^ Mfi I lit* adjoining f-njtni^^ owiin] hy tier, Vft- r ^HTm iit^ii- 
ItiiEicin i hi* matter wra tuijunto l hy the juiy-menl hi Chaw of tin- mm of 
and tlKM'fiiiveynnre of the narrow hirip of land in Ppii'etfiun to the litntitiitknii. The 
miimiitLeo riiTumnerHl* thiit ha hih^h fair prier !*■ offered forntiy of Ihi w |in»j^rUen 
tin- Ii^Utulioii iif ItM htddirttfy. 

TJIH VXJiltKH* hvu rrtr, 

Ae eSii■ liistan iii ml meeting nf Ihe lii^ntif Elm h-i-iIii-ji ti >hi in rI■ ■ - will nf IVaIIu.? C, 
Andrewi^ itovaRed, naming eH- 1 ItiHtitllMoti ;l- [In- mddrtary Ic-gut-V *4 liin p-*tati\ 
eoEiEingent isn eIlp-- failure of n Ix-ipiest. for founding at Wfltnnghby F Ohio,, mm iuMtiiu- 
dou for the fn-e Fdiiiittkiii nf girl**, was ht! forth at Hume length. It np|n i «r* that 
after gpucith- hiijiirt-!- ninountLHg to ^00,000 have \n*jn executed a ruridinmi of at 
Jrw 4 ftjWHyiDi') wlU ri'Eiiiiiii. Mr- LUckvth mntiptel for the Ingfiliiiiuii, I* ml eouumi* 
nicatfnu with thi? rtsiinw*] for ihe eierntori and I'Mmnml HVtijjorv, K-*j. r el eiil'iuIkt 
of tin- ta»r uf Him Hale of \i‘w Turk, ha* al*o hrh retained in l^ildtur the Imen^N 
€)f the 1 rkHlEtlltiun in the matter. The following extract U -ALoEed fmni 31r. Ihu krtt^ 
report on the present ntum* of the lumjLu^i , -n fair a* h cuDeemsf the Imriilulion: 

*\\*ulnady *Entol h tin-wheme of founding n yonng lariiiV whoo! in Ohio t* likely 
to jwnv* hnprarth-ahle. Id i* jdgoilinmt that, ra yet, tm one In Ohin him taken any 
Slej** to Hir-Uev thi> paiyniflkt nf Elm legacy. E' rjilor (hr lenten nf the will Lvriajn. olll- 
eiuh, iiholuditiu; the governor nf the t^Siiare mode trunks £■■ pdiiilnisstyr thin- fund. 
The mayor nf the I i 1 c le town i W11 Inngh I *y) ie t 4 the U si ni T1 ii^ . lifiter hut* i euj hi n. 1 ! ! 
sif Mr. what lira ta*en ximiu hi EIh l ^rotui^, hut no st^tivii iutrn^l in 

chilli till in Oliio f -1 r the ruoM^u llniE. then- huiootn* who may U- -iai'l En Imv;- an 
inten^E in the mm«* of tho M-heim'. ,r 

It ta hojml that Inborn Iuiijl: an Eiminilile Liniteivhuidin^ muy !*■ hn.-il f-ir <ili4iiiiiiiig 
u mHuK s) f the eonrt m* » etihlr tin 1 esm-ntor in ram'lnir nktit liie pnw^inn *4 the 
wilL 

Tits MJ'aAnrH fttmiTXKT. 

Tht at leiiitni} of the He^entn wkm e-sIIhI at tlieir lti-t nn^thi^ hi the |>o>vMartK (4 
the wilt of 31 r. White 8j>nigins alio, nfh r lm-i]itenthin^ ivitalu p^intl 

effectn tnj rL^latiit^p Aim-hi the eserqtor p in tnwrt, to ivnivrtthe j^r^nnlty into monoy 
imd to iti^trihute ^ |M«r rout nf ihe inr*inenf theeEitireesiatonrrcnojjcertain devieet^ 
until twenty yearn ufk»r ihe ihwth of the hint of Haiil tleiiwju^p when tin- tntrt will 
e spire hy llTmlAtinn mol all iti rhu hamh of thetnMei- wilt In- ixmveynl tot ho 
[ nited of AineriiiL Etl Jircnnlam-e willl eIlo fulloWJJi^ ^r^mpli hi III*’ wLJS: 

ai ^^'hen the tmrt herein rn.ati?il expired hy lImiE:itlnn p n- ufbn i «hLl, then uli dii*- 
IrihEitinn of the inmnie of the tmst |iriijt*-rty in hr and ^liiUrmsto.-hi Itmtn^ted 
artil die ted to stnH^n mid itiake over hy pn«|h*r npiiveyani'e all tni.si gtropertv in Itie 
(Ni^^viun, whether ruol ur pej^ooa^ invett^l or imlovi^teih to die United States of 
Atnerim, U* r \n L held hy naid I T ni e«-»! 'ixiEr- it- a \ «*-rh ■ n the fiinil* of the Srnilh^ui- 

ikin hifitiEnte, lo Sk- known a* ihe ‘^nigiu 1 eiiihI,' Elm iiR’imie of thl« fund to V n»ed 
nr fnllow^-E Onn-httllof rtiild inmihe in wn h year to fiemldeit to tile prineijiiL Thi* 
olimr half of mill itnnnip jr to l«r i:5Ep.’inh“h under tlw? dinvtliin of tint ulliii'm uf the 
•-mIiS liitftitiite k in suh.- 3 i nuiniuT ii* will In EI it* i r judgment promote tlw inlviuii i u- 
ineist of the pliyeical seitoee?, either hy arranging for the Hiving of fnv lecture?, on 
flen'iii iili' nuhjetts in difflerent nilii^ jiei*L town* of tho *aid S nil^l Stali-* r nr hy 
viding for original Bcietitiflie M’s-enn h in the tafioratnry ainl otherwiiie, or hy the pnlo 
liaitr ufc of thf results *4 urigitial M-tentitle rewm^hisi. or by offering, Iomii iiirH> to 
ti]JLi- r row an I* or fmnkJr, fur meritoHorife .li^overtL^, nir hy any Ol all of tliiW 
m.-ihthK -m in judgment may mm b*iik Thft half nt the gni^ inconmthua 

anthorueil Ui 1 r. exjN'-mi'd imtnntlly la to ho fiuutilaUvo, m that the jiurtioii of it 
iiu-L-.t|M-oi3i tI <lurin^ any fine ywr may luj esptuidfrl during any HLih-*^jneril vendor 
yearn'' 
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Al m lp m^Ji the dtneat w hidi the Indium, .n ulll derive any pm tit frum the Lilmve 
toncy may n^imbly Sh> h-:-ulih-iI e»> iK^i^ne^mt Miiote, ills t^L, if thenew.-. 

c*muntcel s2ih}.ikhi Ik- even appri^inatciy ncctimm, that rite wtirinrit ol the 
fund which Will wivnu' in the InsllEntinn will oat bo iiKimii^frleniblc. At pretest 
[htw wmilil to m>f[irtlHff duty kap<idiMl u\*m the InstitntEmi ihan tn^D 
Hint the pijjflrtj h LiL'i’i iiiiiloL for and i* Inld in wife hnixl-s. 

On nu. >tmn, the report \vus atTepLed, 

Senator [leiidersoiu n* rlinmimii of t hr■ executive eimuiiittee* pre¬ 
sented the following; resolution, which was adopted: 

JfrWit'fp Thai the i 1 1,!.- 14 ■ is m■ i-f the lEisEuutieii fur the fiscal year ending June :jh f 
i'm:;, In- np|kr<pprintiHl fur the^emn' uf the Institution, m W expended by ihc-Sis 
rctury* with ihe iiilik' ■ ■] thu ox«i i iilku0.infnilu , i ! i 1 with full dis-miori ml the i^rt 
of tha Secretary as tu items. 

\:k\u*\ u. ok hmithawV hi-:mains. 

The Secretary recalled to the Board the resolution adopted by it 
sit the last meeting with regard to the removal of the remains of 
Jh tiies Smithson, Tina wishes of the Board were ecumnun seated io 
one of the officers of the English church at ( ienosi. Mr. E + A. Le 
Mesurirr, wlio T under date of Oecemlnu' 23, l!<ol. replied in partus 
fol lows; 

# M * i * c m 

V-«-is are irwaiv 1 lull i "IF hope Iwerenlunjly to obtain for nnr n nifttrymra a separata 
1 jurying plnea which by tin p and f may wiy nbvimi.'i. arrangement might U- 
made to uive edudtet- tint mmly Eo British HnhjivTn. Ihli Eo Adn'rican uSsis. J nyret 
to«iy f hi«wevui% llisii I nil no rhanre for the present of this Enosl desirable itiusnue 
irui E.loti t ji> the cuithorllii s (uppiLTvntly lit i un^siiiente of the diflienIty of tindmg ati 
jikm^itive Nilei have withdrawn thr-ir offer uf providing tu wilh :l fn^h hc] notary if 
w<j allowed them I-, transfer me unreal I remains from San Ileiisjnin, where your founder 
msTa. Tie- jih^tant J mlit'V of the author! I Ire is pn^kiniuLly !■. ltd thinks remain emthey 
an 1 unli I The liine eonji^ tliree ywieuir m hent.t? wlien I he law of puMic utility 
will hET+'Ai'lhiui their h&mk ^ t-i hiking p^Kssioi rk tin-Siiii Benigno ground, of 
ivnr-i 1 nmli.T ihe ohlignrlion id tnms|jfirlinpr flst L rt^nalrw Ld^wheryp whkh wmikl Tjl 
all prolsdsitity iiewn si ijorlion ef the weuern! rrnEi^EjsiaE i VnivteJ-y and not u ^e]Wnh- 
|diUT nf Interment. When I lie tune Jnr the imn^h-r ajiprutii'lnv it wdl In- obvlumly 
c^lM-.ln ril h> nppK !■■ tEn^ l“riii'h nm'luis-adur m« I 4 «ime ilatek^l up b.h we sms con- 
ri-liT.r will he tin'iae-w hi S Jn- fii-ndEy .if On- re|iT¥W l »tntivt l »>f die I'ruled 

Stjiti-H i Im [MU the rsL^ h fon- the liuluiiL (oweminent, s=ji llml Eh?- (oetil njithorith- 

limy hi' enj.ij.I i-i L-,Lrr> i-iir the wrih all line jevetvmre luul if ]hpssLblo m.- 

it ouudit in h- fMi^hiJi 1 tii" ll ^^M'ially nw-rviMl now ^meEery. Onr^uHiil Is 11111-1 
Fully ulive tu I die Imifiortiitice uf di phnnath' niipi^ihi tmd will lake tint initiative hi 
due I s . mrK-. 

Mr. Ikdl Jsen- snirl that lie would like yen Eiutrh to lisivc in the 
record tkil lie \md jmv4 k nt4 j d to the Board ul Hie lu^i tlienting his 
-ti'Esng feeling tkit the rernaiiis uf Snjithwm shim Id Ih* kmoiight to lid' 
count ry. 

The Seereinn informed Mr. tkdl ilmi hi> remarks were now cm the 
written record. 
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SANTA FK PALACE, 

The Secretary said that the governor of New Mexico had idfeml to 
tmnsfrr to the Institution an iineicrit S|Kinish palm w in Santa Fc. on 
i'audition that it lie imdiitiiiiied, without rust to the State, as a museum 
nf the archeology of the Southwest, \fter discussion the Board 
decided that it was inadvisable m accept the pEo|H>sitEi>iN 

THE CAKSKClK INST 1 TUTION. 


The Secretary said tJmi since the funndntio]i of the Smithsonian 
Institution there had i>erluips occurred no event of ntore importance 
to it than the foundation of a new institution the Ckmejjie Institu¬ 
tion- whose declared aims a ad ^wnil purposes were m n l rl 3 those 
which the Institution has hitherto considered its own, Mr. t-urnvgie 
invited the Secretary of the Smithsonian to heroine a member of the 
imtrd of trustees for the management nf this fiiml T m the following 
letter; 


Luy tMLiEif 27, UKU. 

ItfiAk stu: I jifil ub-uE to tnmiier ini mi]lion.- of -"i |n-r rent IxundH to ji luafy of 
tttttltJHi tor thij piirjuihes 4 iSH!rit.*SI ill the [iwlwd pfijtfr. A IfeNt of the 
Nek'ctorl in nlso biektH^l, 

It will be asonice of much please tv to me if voil will kindly 0-11*111 a* vvm\ 
Truly yours,. 


Tin- S J:i. H(tr.i kV 01 THE S'seitje-m is I *, \ I ■ - r 1 xr HON 


Am phew ( k .\ iiskoek. 


The letter was ac cotuptmiod hy a Hst nf the trustee* and hy a state¬ 
ment of tin- eimoderations which led to the e^tuhtishment of the foun¬ 
dation. The Secretary rend the articles of jm-urpofttlion of the m\\ 
institution, ami slated that after conference with the (Tiunrcllnr and 
the chuirmsiii of the executive committee, he hud accepted the trustee¬ 
ship in t he following terms* comlitiomilly on the approval of the hoard: 

I^l RMriER ai p IWIU 

I Hiatt Kite I beg In neknowUllgr fhe receipt «if Vrmr s-MiiLiiuiEiicatuUi nf 1 he 27th 
liuctutit, with tlie lu'ci.uli fnitiyjug pafwra outlining the general hi ;m Institution 

or i^tiililtshmeiU which yon projNipp lo found in the eiry ul WiKhini|tDii fur the 
cnc^TiTB^eineiitoi re- un-Ji him! kiudo-il pnrjh^i.-s, Mini ilI^o fctr luring a Ebt of 
trustee hi which you an-gnni enough to name the Seovuiry of tin- *rtillfr*diiiiin 
Institution as mj ex uiftetu imsnlMTr 

El will giVP toe. |«=>fitfma 11 y , jffitft 11 1 l -:l- 1 l ri 1 ^ willi thp i-ijJLHi.-nl nf llir Kcgtaitift, In 
•crept UnantferFhipupKjii ibis lumnl, utnl i d^Iiu nf warm rccog- 

nitioo uf the Urge pnrp*>^ which have inspinsl yon m imkv this noble benefaction* 

I necupt such inQiatkTHhip in the ab-eiu.. knowledge us to iK-tailn, luit in the full 

(.'oofidem.^ of tt t^yus jiiithy w it Ei yrntr general [^1^10*, 

Vi-ry feipfectfally, vultra, l\ Lasolky, 

Sf*rrriurtf r 

A m'Jjukw (Airtm-ti:, F^j:- r 

Xv. 6 TFeri Ftfbhfifih Srfrt, .V™ York (Mti, 
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Hfl then stated certain. consideration* with to the tvUtmnship 

tpf the Smithson inn Instituting to the Carnegie Institution, smtl asked 
for im expression of I he opinions of the Regent,s for his instruct ion. 
After dbeusdou it was announced as theseii>eof the Board dmt the 
Secretary -should accept the trusteeship unfettered by instructions. 

ITHLUTATTOMS OF TIIK 1 STmTTIOK* 

The Secretary ndlcd the attention of the linurd to tile exhibition of 
Reporta and other publication^ which had b*en issued hy the Institu¬ 
tion during the year. 

The Secretary then spoke of the affairs of die Kurnm of Ethnology, 
iintl of tin 3 Astrophysics I Observatory* whose lirst volume of the 
Annuls he exhibited* With regard U* the OtHcrviitory, (he Seemtwy 
sjiiil further tbit Congress had asked for u report of the appropria¬ 
tion* granted it and of the results obtained, Such a report hud heeti 
submitted sit the beginning of the session* and bid been ordered 
printed. It included the An mils sdnnv referred to, and he hltd been 
enabled to add a number of eon mandatory letters from eminent men 
of science, such jls Sir (ieorgfr Stokes, Lord Kayleigli* Lord Kelvin, 
Sir William Hugging Sir liokul lkll, Prof. Simon Newromh, Prof. 
E. L\ Pickering, Prof, G* K + lhile„ and others. 

There being no further business to come liefore the Board, oil 
motion the meeting adjourned* 


REPORT OF THE EXEiL'FTJVE COMMITTEE UK THE KoAliI' OK 
REliENTS OK THE SMITHSONIAN INSTITUTION 

h\m THK Y kail Eniunh Ji nk 11W2* 


Tv thi RtMint **f Rt'ffwif* **f th* Smlih^tnuui 

Voiij* Executive CouimiCtro rvs|H*t1 full v submit* tlio following 1 
iryort in rpLntion to tlif fund* of the Institution, tins np]UTiymtmii* 
fry Congmtn. iuid tho nHwipb* and expenditures to r iho Smithaoniim 
Instituting the 1*. S. National Muraiim, Lho Intentional Kxuhun^-s, 
the BmviiLi of Ethnology* tin* National Zoolugu-nl Park* uml the 
A^trophysicnl GHiwU'Viifory for the yi*ur ending -luot 1 m ^K P m ^ T Eiaf ^ 
balance* of former years: 

^ HIT 11 ?H>N|AN I SST 1 TI Tit »N, 
f tin dith*ji <*T t!u f*utnf rftitjf i * 

The itmuiinl of the 1 |ne#t of Junes Smithson doppsitrd in the 

Treason of tlx- Fnitrd Stale#, m voiding io act of Cougn-* of 
August in, isfii. was* fSliUtit*. To tin# was addi-d by imthmity of 
Congress, February 8, 18*1*. the residuary legacy of StuitWi. livings 
from income, and other source*, to the amount of Sld'i.SfU. 

To this also have been added u ktim'j't from 'linin'* llaniiilou, of 
Pemisytvuniii- of a heqadht of Dr. Simeon HilM, of New 

York,of $5* Kl; the proceeds of the nlc of Virginia mink 
a gift from Thomas (J. Hodgkins, »f New York, of and 

lK'ing it portion of the residuary legacy of Thomas C, Hodg- 
kiiis, and SUM*. the aceumu luted interest m the Hamilton be*.. 

making in all t as the ... fund, Si'lijNJU. 

The Institution also holds the additional sum of S4i'H.iO ( received 
tijam the death of Thomas U. Hodgkin*, io n gUten d West Shore 
Kail road 4 i)er rent Isinds, which were, by older of this committee, 
ondrr date of May l*. I8M4, placed in the lumds of tie Secretary of 
the Institution, to 1 m* held by him subject to the conditions of said 
on I FT- 
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fU-Ti'IlT s>K THK EXECUTIVE t'l^lMITTKL 


HfrJi'jriruJ - ■»* viC # i .rjmutftttt*:* from Juhi A, b .Aiijj .-ft), 

waKim 

i' 3 U-h on hain! Jtliy \ t JMII . . . .. T jft 

lutrn-^t uti fund July l F t\ml ,. . $27,300.00 

IllOr-r i>lh fund L, 19(12 . .. 27,3rJ« J. < M 

- 

JuU-n^t ii> Jan. 1, tSXMp uti VVi«t S%on- GuHifh . I.OSi'uki 

-- H40 r 303.26 

< 1* I rot 11 >hI« ■.- ti( i HifrUcitioiijf _ T ., „ _ „ „. „„„ :«oi, ffi 

* 'uxh In Hi! I freight, Hr .... UMON. 24 

-- 10,411.09 

Totifc] m-ripf* - ---- - - -- -..J 150 , 774.35 


UM'HXlMTi it». 


EMiiiOLng: 

Rii pairs, fain 1 , jijh! i iii jhnni-ti units, ....... >H ( 311. 07 

r’lirtiililn- HJid liMim-H. _...... ... _ 2, 8Q4 + 32 


li^nunil rxjj&n«*: 

I'chftii^r iiinS lulqgfVL|il) ,_ , ^ P , r ,. 3 85, toll 

ionur y..... .. 1, 121 ©3 

Tifci-l’Uuitul* 11 lll'I, rtf.) .. i t 8SL 2! I 

l.ibr.uv riuMik- |h-riiuliiiil-, , vfo\ ■ . ... 2,nSKJ. 22 

tahirii? • . _ T .„ .... .*_, 23, 144, 5$ 

ttallory Mfiirt ... . 137,43 

, .,_ 380.411 


l^iihlktatiuiiN and reKiiurbra: 

Km it 1 1 rn 4mm, c*mI rilmtimm . , .,. . 3 0.00 

M iHtY'l Lj] hn i its-- fi i I liHtkih h . 2j 2THJ. 15 

1fo'J** 1 *. - , . 2,548.05 

<tomrdgti ....... ,.... fi,407.*13 

Aftpnmit^ .... . . ijTrt,^* 

IIiKl^kiun fund. __, „„ ........ . 4,0314.152 

I Sri [ ji in 3 K i4 Eil ur fund__ _ TT „ 5, fitf& . ~5 


LUrntry mnl sririOifir rxiJuui^ 




32, »HI. 75 


21* m :hi 

4 f AW ill 


m k 05a. 44 


fLiLtiiH.- tittexpendrd J itur tffl, ftiwi.. . ....... , . . _ hi* J20, m 

Jill'ruc-t-ive4 from tin- sulo uf [jufdicuto uis* From ivpuvfijriil.H. 
I tvijrliK iMs-.. is hi Ih- lotho ifriii' nf * xiMMidItnrr. u- fcdkms: 


Kmi 111 sm *i i lllij i ■« pi n ri Imi u i i l- 
M - -i i 'Mu ru n *i lx 1 -olL ^■ r i■ Mi* . 
Hi L jM»rtH + __...... , 

Kidmti^ ..,,,, __.... 

[odd mitt Ip ....... _ 

Itosei*rt;lirn. .. . . 


m, 70 


232,40 

40* m 

- mi~!& 

8,403^49 
2, 145,7* 

Ip-UULW 


Mu, Aii.m 


-'InaMlditluii t., th,- ]„iil fur silario Uliilor wln-ml 

«!7-af : n 6 l, “ hl <i,r vi/ ‘ ■ w:<l "i lmiWir,n .UVMIH.; 

! ll ' ” rtl l,r " J,IL ,Jilun ' : ’ ■'"“nnt.f2.wa.au f* nwiwn-hm i.m.i.rtt. 

ti> LiUmry UtWIinl, tuapjmmlLW WeoMJijt, uml ^|,)CS 44S |„ Umlfe 

WUlHttW SMt-outiL 5 
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The net exptadjtunv* iif the Invitation for the your ending Jihh; 
au, LtMJS* went thLvnrfon'| 8 »*m 8 S* urSHUlLoit hw thiiu lln- 
expenditures* ¥0^,115$. UU us ttbuvc .^t:it- *L 

All moneys received by the Smitbi^mian lnditutbn from i?deir>l + 
sai^s. refunding of moneys teniponmly ndvimced, «r tithorwisr* nrr 
deposited with the Treasurer of the United States tu the credit of the 
Secretary of the Institution, iitidnH payments are made hy his cheeks 
uti the Treasurer of the United States* 

Tour committee aho presents the following >tuleim-itis in rejffl rd to 
appropriations :tnd expenditures furr nhjerts intrusted hy lonjfrftH to 
the cun. 1 of the Smithson i on Institution: 

DriatfM dirtftiit tti of tlidnirmiufttU fiwu nppropfitrt»in9 mrrJNfliWn/ ty t" t! r- rvrrr 

uf thr Smithmnian fir th* ymr nufiflitf Jaw '0, /9P- J , mtd fipm W- 

tmtKM (f//ciffnrf ycur*. 

1 N Ttil S ATICiHjLL KlCOMASOEa, IMTTHfiOlflAwN IttCnTCTJUX, Iwfe. 
tEnpn. 

Appropriated by nuk^m^ fur the (uni year aiding June $W P l Li 02 r "far 
oxpfH^s nf the hv.4eni tiituriM lioas I eschaupi-? btvuni the 
LT uit 4 .Nl Platenfluid foreign codntrlf^under tfo 1 sUrMFtion i.j tlie Snuih- 
runisin BrmHtntinp T im-ludhi^ fflkmv or reTupemuLiuti uf aH n&xtujuy 
i'iDtiloyitgi qliicI the putdwo of nec«wy tnniksf and la+rtodsiiili 
isundry civil net, March 1001 - ..» $24 P UUO. Uu 

DJBJHj£»r.»r.vpu 


JTtfJH Juljf l fc Ifltt, EuJkUieSlLi, IftfcL) 

SiikirEt'S i it muipHLIHtinii: 

1 nctii^ curator 12 HKmihn, at. $225.$2,700.00 

1 duel cfoA, 12 DM pntli^, m m S&3$i . % 100. TNi 

I clerk, E2 monEhfl P at $150. ... 1 ■ ?4W>. 00 

I ifork* 12 nirjiuhh. at $125. „ r . . . h SQft.00 

l el l- rk, 2 at $125 . .25Q, '00 

1 clerk, 12 moathe, at $108.33....- . 1, ** M 

1 clerk, 12 montlof, at $80. ..... r.. **-- 00 

1 dt*rk 3 12 iivmlha, Bit $50 _.........- T . T . T -- 

I MoiMJgni|ihiff f 12 iiKmtbffp at S100__.. ... ,, .. 1,200.00 

1 jaU'kcr. 12 months, lit $55 .- - ............ 00 

I wiirkman, V- iimnth*, at $55. . . . e^So. v*\ 

I skillet! laborer, I day, at $2.25.2- 25 

3 taUtter, Iff iminthi*, at$45.. ---- 540 nO 

] lalam.-r p 1 day, at $2 ... KT » TT _„_ T _. im 

1 laborer, ;tj days, al $1.50„ ... -... G, 25 

t latKjrer 3J days., al $1.50- .... &• 25 

1 laborer, 1 «tay P at flJSD,*.... . . U50 

I laborer 4 ilay^, si $1.50..- - - - 0. no 

L 7 inofit h# and 11 daya, at S-'t' 25S„ 75 

] tiii'jwpr, X itMitithji and S5 ilavn, ul $;tJ» . .... ..... bM- 52 

] luCKpiiiger, 0 niontba and lii days, at $25.87. 10 

I mraseftfer, S montikH and 5} days, at $25; 2} umpesHi^, 

.. *.-. ^ .-. 30fl--*4 





























XX 


liEFOBT OF THE EXECUTIVE COMMITTEE* 


Sjuiirii'* or in— Coutinui*!. 

I rarjrtmler, IBdiiVH,, it £3 _ .. 

I trLtr|*:ni*Hi: 1 2 tlitiv, n t3 ___ 

1 cleaner, 167 kbsys* nr |L .. 

1 agent, is months at $iujHi _ 

1 ii^'iii. is imuHlis at |60 __ 

[ agent, ii iminlliE, ol £16. 

Total or compensation . 

(k'l^nLl i fc jc |rf«-Ea-4t^: 

Hosts ,... 

| El M, l]tj5 m mm m m mm m m mM.MM.rn +m. - x- «. «■ *-- 

Frei^it —__ _ 

Furniture^ 

Stationery. ..„. 

yuppbcn_ T ,„ v . r , 

Tnvil,, , T , .......... 


Total ilMtUTOXlieil^ 
Jkliuiiv Jttly l r 11 w i'_ B 


£4i. 66 
i km 
167.00 
550.00 

m m 

IKS. Ok) 


16,299.9ft 


£764-25 
It. 75 
4. 7Q& S3 
;;i. m 
223.21 
57. 97 
1706 

-- 6,744.01 


£22 jm. Mt 


l r 656.61 


ISTER!ffATll>SAI. F.Xi H Will*. S\\ |TJlH.<N| AN IN-iT|TrTI«3ff r IlM 


J n Jam t; July I, ILID1, iw n-F^iri 


*2,lKt5,7l 


6irH.lM-(CjsiEJyK5rtK 

Guml i>jc : 

Kfiokii ____ . _. . 

Ibxfet_ ___ 

Fumittire._ ... .. „„ . . 

Poetugt. ... .. . 

Stfltjonnn- ...... 

Flipplira .. . ................... 


fSl. LM7 
476. 75 
1,601,42 
245, 75 
1^7. 7fc 
276. 7 * 
TIL 76 


T«taU»btin«?mciiti .. .. ., ., . H 2,612.16 

ItaluicaJuly I, 1902 . _ _ ^1 .^ 

urrimsATio^At pxoiiamiK^ {tumtaremx inwtjtuth ec, awn. 


IValmnv July l, UI0I F m- |^r \mi report ........ _ T ,.. |g^'po 

nmfcr pn>vitriol^ of fti-iimnl Statuh^, pectinti by thf-Trwe*- 
ur} iJopiirtEui'nl to tlm- rmlit nf the eurplu* fuml, June 36, 1902, 


AMKfiLll!'ATi l-TTHVniAriiY.SMJTtt^-MAN iNFriTETh>N, JftEL 


RECEIPT*. 

Appropriation by Congre&i for the fiFeal year coding J uin? M, lENrj, - ■ fi Kr 
L-oiituiiiiiiir i-tliEsiilij^in-rt! ramndrofl aiming the American bnllurus 
under the lUmnii-jn of iliei Smith Kmum Institution, In Hinting ^iliuiii- 
nr rompenflaliou of all neftrt*nry cm|ilnyectr und the pun liase nf ncoca- 
mvy fcwKiks-aaiil i^rigdtanl*, lifiy thousand doling of which mim rmt 
rxireeding one thoiiKuiti five hundred dollar* may he tu**l for n nt of 
boiMliq;^ 1 nituiry civil net, March ^ li>0l j . __ _/.. ^ {m ^ 

TLsr actual roiwLnrt ,>f thefts inv^iijnuI^nH Iih- beets eon ti huh I by clit^ ^-n^irv in 
the haiml^ « f Maj. J. \\ Fowelb ^breclrir of the Human **( Aaaerirtui Ethnology, 



































RKlHiRf OF THK EXECUTIVE COVMTTTKR. 


XXI 


llEHHt'kttJmiETOs 


Balunra nr Hiinpcaitetloflt: 

1 <1im f^r P 12 at $375. _*..... 500 + 

I t'thiidittUL hi 12 tuoDtli* f «t .,.- - 3, WW>- W* 

1 etfumtopiet, 12 irainkhii, ut S20o .. , - . . 2, W& 00 

t IS months, sit flfllfiT. . . 2,000, 

1 Hi^tliui sIok^I, 12 months, at $106-67 -- -—- 2 r lXH>. 04 

1 ethunlogfot, 12 insultlu^ at f EEJ-ltH. .. . , ! * S90+ Wfl 

1 wlinukppiti 2| meriaEILf-^ tit $125......... U12. M 

I ethnologist, 12 month*, At .. ..... 1, 500. 00 

1 ethnologist, 12 months m £12fi — -- - -. ... h WO. ^ 

i ,.h„uu^h«]« 2 J!J|*~* - -. ’• *“■ 00 

1 ethnoVfgEKi, 12 month*, at $7fi . _. . .. 000.00 

i illiwtnilor, T2 mortis at $100.67 . «. ■ . . T ... 2* tMO. iH 

1 chirk* It m>HfittiS, ---- - ^.00 

1 rit j rk , 7 me tti th*, at |100.. TT ...^. .. - - —* 00,00 

I l li-rk, IS months, m SUM,...- 1,200,00 

1 . li rk r 12 months, at #100.,,. .. 1*200.00 

I i^tltfki 4) At ^.$1..--- — .. Hi4,ft# 

1 rlerk, 12 monUut» *t $75 ....■■ — - T - - .— ^ ^ 

L sadiior, 4 nuaiiltr-. nl $100,.- - -.-....... - OO 

L llhmrium. 12 month*, at $7ft .— .- - * 1M0*OO 

1 ixkiiloL laborer, 12 months, fit $00...--+ *-.. .. 720-00 

I laborer, I 2 mouthi, at . . ... „. — 720. DO 

l lalporer* I 2 month*, at $4^........ ’ ri_ W. 00 


I lalktnT, 225 dayfl, at f IMK ...... 

] IL* months, at $TtfL, 

ToUsJ Hilurk^ Hjr coni^mitiuEi,.. 
Genenil expcnbuK 

Bookp and Mailing 

Umwiii^H am] ilhustzmtirin* ..... — 

Freight - --- -- 

Furniture. ... 

Ughting. .. T ,...... ... 

Msuinfcripi .... - 

Mimwllimmifc .. .**-*.*- 

Peeldg*-, telegraph, and teWjahwHat 

ItinuiL ..._*__......„.--^- 

£pcok] Ht j r vii 1 ^ - -. - -.- - - 

P[* l *'llll11(lS . . --- 

Stationary ......... - --- 

Sujipltes ............. 

TniVi'lir? ansi liirld ...... 


mw 
tm on 


33,030-02 

$1.40L7H 

*m. m 

$ 0,43 
m.7K 
125, m 
1,401.1*1 

iitw 

67.fiO 

1 F 7^50 
2,020-2h 
™,07 
m r 2tt 
2, m. 42 

--- 12,001k SO 


Tsiinl 111*1 kiarN^iiients ..... — ............ 

fialuc* July ---——- 

amehjc^x mrmouxiw i«n. 


47,023. KS 
2,1+7 H. 1H 


Bobm^Jiily I, Uml, cl^ j^rlint 


+ r 


12,684. tlti 
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REFOl&T OF THOfr EXECUTIVE COMMITTEE, 


nnilittiBfcirftfrtii. 


< Tdat-nil ex|N'nH2*- 

ainl hindLug , _ . T .. T . T _. T ..., T . (201 L DfV 

DrawlngH aaul illiurtnuiuttiP .,. rr „ T1T „ T „„, T ,„ T „ TTr 104, 3 \ 

I'^ridty___ __ __........ 33-fill 

Freight____ l(W r ;!■ 

MKinii&:T'ir>t ...... ... 330L 00 

H£pct4birii?oiiH + _,..... ...................._... MS. 80 

JWtatfe arid ttfli^niph...___ 15.02 

fleTVicw .- T ___ _ __ . _ £7.00 

B|korInl ^ i rvi(n , *.., T ...., r+T _ T *_,_ 34,00 

SjwliiH'iw -00 

Si 1 |J]j 1 h^ ..... 'Mi* 83 

Tmrel in# aim I field u * juinhwi.,— ..... H 4 -I. 0-1 


Turn I dhborw-iii^iitJi 


$2 } &BS. Tfl 


Knlunec Jnly 1,11 m2 




A H KR I i Ml K KTH SOLOfJ V, IW. 

Jtlly 1. 1901 + ud jMar Sjl-E rnport...... ^ r >, J9 

Bclu*?v mrrh •[, iinrli r (irovistefw of KeviR-d BbtttiU*« + ^■ilun by ihr Tretut- 
iiry Deputnuint to tht* tinilU m" Ihu MirpitH hind, .Innt* ;'{0. 100£ P 


NATIONAL M 1‘HlSf M —J'H E&ELKV ATH5 S OF I^JI+LFCTION-S. WOO. 

RKi'EITTm. 

Appropriation by < fur the Hn^i] yrareuiling June^ jLNFi, 4i for 

ctodiiuii^ tin 1 pn^rvatinij^ oxbEbitkin. und increase of the colfciv 
tiunr Cm-tn tin' tuinwymp acid exploring oxpeditioEifi of the Govern¬ 
ment, uml from "fher emirntv, incl riding salaries or mmpenaatioU i if 
nlE net-Y^Ary eni|i|ov^^. fdsrgfcNi, of which Him Sf**3Q0 tnity he ti^ed 
tur nerp^ary d miring und ill munitions for {iiiblienliniiri oFthe NaHonnl 
Mliai'hiu. wsd nil other inwepriiirY incirkmlnl oKpen:-es M (Sundry eivil 
wdp March &, 1M)1)-*. ......3J&0,000.00 


Kri'jts^rrtfftsR. 

[Jiilp I. 1-j-iMn Jiin#-:ui. mL\ 


RiilAfira ur mjH'iiKitkm,. 88£. 00 

B|>Mdal R-rvu** . . 1 H S15. ,W 


Total sendee*..... .... 
Mbttdtaigotu; 

Drawing* ntnl illiistmtuum 

Supplies ......._...... 

Stationery......._.... 

Travel.............. 

Freight..,. , . 


*tlta r 0HK,54 


(S. .147.05 
It, 5Q5„ ;s> 
l p 753*18 

i T 2&L 84 


Tirt-ivl niiBeellutHym* 


IMDMte 


TikliiL ox [X'lLiiLlon-c 


iTimss 


I^UiirvJuIy 1. |iNt h p tonnvl OObvtacding HuhlEsticB 


7&A.7S 
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RKFOHT OF Tfn: KXKCt'TIVK rntfMITKEE, 


/jj j/Fffliji of f /fff mtfor** ' or 


SdtmUlln rLllffr 


|Jul> 1. 11KII, t*i Jnnritt. I«L| 


1 moditi&nt Wi'wiuTv, 1.12 tumults at - 

1 biuiil curator, 12 iimntta, fit , . -.-. 

3 lunuor, 12 mmtfhs at (201,60, • - -- 

] luvul ctiruUnr, 12 tnotdhs (ii $201.00 , 

1 ciifalai% 1- uii'nlhs aj $20(1 - - --.---- -... . - 

1 !‘tinU"r r J 2 months tit f300. .. . 

I cu mlor, 12 iih ml lia, sit $300 *> * + * 

! caratnr, 12 iiJ4KLtI it-. sit (200.,,.- -- 

I curator, 1* [iiipiit1]t* 22 iS^ vh, At (ITS - - - -- 

I aLftOHlUlH ittmtt-jr, 12 EUuiOhN, ail <150 - - 

1 a&irtfint curator, 12 munths 4 «t $150 .. . ... - - -- . 

1 msistant uurator, 12 months, at ( E5o ..... . 

I iL^r-l-tant cli rains 12 months ai fjftfl - . . . . ■ ..- 

1 nMAnnt irnrator* 12 muiiths at <150 - - ----- ^.. 

L a£tftstjmt curator, 12 months m <133.33 .-- 

1 mMswiiaiii curator, \2 months, at (lttLvtt - ----- 

I iL^l-tant curator* 12 months at (125 - 

1 LLH^ih-tanl curator, 12 months nt $1 IdUfi- .. .... 

I jissismiit curator, 12 months ai <D&60. 

1 a^Uiani iUntor, 12 mimths at <136.60- 

l wcruirl ninti r. u iiHmth- 1 * 3 ' 16 day*, s«t (HXi- 

I aid, 12 month*, al . -— - 

1 nut, 12 mouths at <EOO . -.. 

I alih 2 months & day*, at (HXl 

1 aid, 13 «Lllvs jit <100-- + , + --- 

I aid, 12 months at $93.33 ,. ■ — - .- 

I ahl, 12 namth-S at <93.33 .... ■■ -.. 

3 aid, 12 iili infhs iit $83.33 -...,.-- . 

1 aiil t 5 months?. ni 7 months al <75- . -. 

t aid, 12 mnntfcss, nt <75 _- --- T -- 

1 aid, 3 mouths, at $**0. ... ---■ 

J aid, 2 ijLi«iith* 21 days at <00 - . 

I aid, 5 month# 10<Uys at Wto; 1 month* iBdnys at $30* 

1 iiiil + 1 month 15 tlays at f@0, - - . - . - 

I aid* 12 1 1 pi inth -1 , al (50. ....... .-- 


<3,090.00 
:t + mo. 112 
:i , mi Ii2 
:s r 4m H2 

2,100.1 Hi 

2 r 400,00 
2.400, 00 
2,400,00 
L. 71 Cl. $A 
1,800.00 
L H4JE. ml 
l t 800.00 
1 1 900. IKS 
3, wki, m 

t T boo. m 

l.MOO 
l ,‘9Mk »2 
i.mi?2 

i t mo2 

mtm 

3 f 200.00 

],moo 
280.00 
67 

!m iHiE 
i mi sHi 

m on 
tuiofi 

1HN.1.00 

moo 
168.0*1 
565. Ill 

90.03 

*m oo 


I ph i itograf 4 12 cia=« mtln*, at il 76 - -.. -. 

I niodelety mofttlu* 27 i lay^j at <100 —- 

3 modcleTi BO days, at (3 -.... T - -. -. - ----- 

I i■Httsdogint r 12 inim e hs ui $1^3. ..-..- 

1 1 iin>»lh 11 flayo, ait $125,, — ....... - ^ — 

1 proparatorj 11 ilayn, al $Mio ................ 

I fpn j |"urftE'nr, I I niiintlii-i 27 dayH, at (SH 1 .. 

I fip&p&rator, 12 luobth^, at . - - ■ 

I j3n.'|mnttinr, I- months at <9.>. . 

I |irt-|tiittlipr. 1 ^ f?L ikni 1 is he (^0 ---- -- + ‘ 

I | ffejmnrtor, 3 2 mnBtlM t at $76* -.. ^. - -, ^ - - 

I [Pmpnrabsr, 12 mantJi*, nt $70. ... - --^ ..— 

I pretamtnr IS months he $45^ ... — 

I pkvpNJitor, 1 month 12 dskys at <40*....,.. 


2 + 1 Oil. Oil 
1,087.00 
177.00 
ijfflio.00 
187= 50 
40.67 
1,071.00 
1,020,00 
1,02ii. Op 

IHIOJNI 
1)00. 0*> 
810.00 
,Hu, i^i 
SB. 48 


SVJ.^l. )K 
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REPORT Tit K Fm’UTIVK COMMITTEE. 


Piv] «IUII «JM—t ku l (i m In 1. 

1 iirtpintui, 1 1 11 ■ mth f ail > +0 - * __ $40. 00 

I acting* Hi In* lattblcranj-t, 32 tiimitfrf. at S125-, _ t T 500. i H5 

1 utx y^drmb-t, t2 tlh mi litf, nt $10G„ ..„ , ... i, 20$), DO 

] titsttb-miLit, 2 nil inths W dlijiH, HE $1H> .. ... 207, 00 

I eji\liI e rmtirt t 3 i nanth^ 2 * lay \s r w $75 . 229. S4 

l inxiili k rriiiFt T U month* 10 0av*, at $30.... ti&S .tiO 

- $H T HiW.4& 

darii'lll ."IilIF: 

I julcnaiidnimc jroiHtiin t, I monttis 1 I ilays, at $21+1 .fM3. 1,312.47 

I chief clerk, -I iiamih** at $205.34; 5 month* lu 0nyr h 

at _ _ T+ ;,. 

! aiding chief clerk. 3 laiuiitli*, lii $125 ____ 1,0011 DO 

I wlitor, 12 inoii £.1 1 Kf. he $137 _. . _. 2,0ft*. 00 

1 chief of illviHiodt 12 lainlith^ at $2lNs . r ... 2.4110100 

1 n*!*a.*dnial 12 miHitli.^, lal ?l+£ . ., _... . . 2, EMI 

I rfifctiiimia- clerk, 12 iiionihs, at $U&07._ . . 1 >41)0.04 

I stH.-i>tnm librarian, 12 luoaihp, llI §133.33_ .... I.-55H+. \H\ 

I finance clerk, 12 month*, at ... .. LaOCM*" 

I Htem*miphcr t 0 months, at $175; 3 month*, at ^In^ki^n. 2,0410*3 
1 delautftaphei% 12 uu.mili*, at $0D \, D80, 00 

3 tft^inn^mplior uiij tyjHWrUvr, I months, At $125.,...-. 500, 00 

l Hkuoj^iqpliL'r ninl typewriter, li months, at $100: ri 

numtlu. sit $85 .. . 1„ I lo. Oo 

1 r4i-an<ruplnT iiiLiJ ty|j0lriU!r f * intuit ha, ut $3&33| 4 

month*, at#75.. . .. . Drift, 84 

1 HUmo^ni|>hcr Mini tv|icft r\u% 12 lli $30. .. .. 000.00 

1 Hteu<^rapher timl lyjnwHo-r, H am-nth* M nby- ( ut h5 

1 Hten^'mplier ami lypeirriler, 7 month* ft >lay* p as $"-0. 300, DO 

I Htm^nipiaer llihI Iv|h-h riler, ;i months 2 Any*, lli Vft r Zl 

1 Mni'^'taplici' LLint ty|iewriter f 2ij i Isl v jii ^!*> ., r , r . T . n. I H 

1 tyiiewriter. 12 months at .. . . . I , rnjti. 00 

1 tyj*-writerp 12 mi $70. ....... .. a _ _ _ h+O, 00 

S typewriter, 12 tnucitli- tt | |83 . T . 780. 00 

1 type writiT r 0 11L) II I | to 2 1 * laiy H h n I H r >- r ... ., 300. 4 W 

I Iy|wwriter, I miiQtfas 1W Aa.\*# r sit $4o. ................ 20 h„30 

l L^trkp 12 uiMiLilip, at $125. . ., . .. I, M 1 *). 

l LiU^rk, is manth*, &i $123. .. .--,-*^>-*«****^* 73t1.00 

1 derk. 12 umnthfl, jit$lln ... , . 1 T Ml,DO 

1 H-k-rk. 12 jliliiieUs, nl . . ........ t, 20o. 00 

I clerk, 32 months at $100. ............_ l T 20ti. DO 

I deric, 12 3 li iintbr, at $t00. . _ _______... l,2Do.DO 

I elerk. 0 rimntb^ nt $100. .... _ 000, DO 

1 i4vrk r $ rii*i]Lth^, BE $100; 4 Ktunths^ sit $S0..,. 1,120. 00 

1 i ■] f rk, :t iTKmth^, at ...... .. ,, 240. S4I 

1 clerk, 12 ttl $76.. .... POO, 00 

I derk, 12 neml h* f xM $75 . . „„„ POfl, DO 

I i. , li | rk. 12 mi qittvp at $7S ..._ (N)0. i hi 

J Avrki 12 Tncntbf, *i $75. , .... P00. iio 

1 rbrfc, 12 tiM>nthn r at $75.. ______ 000,00 

1 dcrk + 3 niiJnLltf, at $75,, ....... H _ ^ 

1 i'h-rk r 3 Didaithr* 15 ilisys, at $51 „... . ^hju ^ 

\ (?li‘rk h 12 iimtitliii, at ..... 7‘^x oo 

1 derk, 12 niuiithri, ut $00.._ 720.W3 












































HEl'OKT OF THE EXECUTIVE COSyUITTEK, 


xxv 


f lurifiil Hioff — C 'tinttoned. 

J dark„ 1 2 im mtliH n jit f*W>„ ^ ^ ^- -..-. . . $720. 00 

1 durk. 1 2 months* at $00,. . "20.00 

I detk, i 2 nainitlisv at $t r rf), ,.... 720, CIO 

1 t'lerk, i ~ nil nit at $00. ...... .„„,, TT , T .-.4^^. - - 720« 00 

i clerk, 1 month, til |00 --- - - tJO-OO 

1 Herk , 12 timfttba, at $56. .. - - ■ - GflIX GO 

I clerk. 0 month*, at f^- r P ...... 4^100 

I clerk, 2 fDQCltll* 20 ilaVB, alt fafi; I rrmnth fr2t dnya* at 

____—— m*** 

1 clerk, \t mnallia p nt $50. . ... 000.00 

I clerk, I - i] innthe, at $50 __ ...... " Hk 00 

! clerk P $ mu^isIlf, Lit *60. .................. 400. DO 

3 dork, 7 rui-uihi- It#(Lay*, ail $50 , . « ... ------ : *7Jk 

3 clerk* 12 iimnihH. al $40. . ... . 4^0- 00 

I clerk, 32 months at HO-— ... *•---- 4^0, Dia 

3 clerk, 10 month* 1$ days* Ht, $40 .......... . . 42X 

1 clerk h 2 monthly at $40. - - --- - - -.. ----- - DO 

1 deck, lfl| day** at *40. . 2S. $7 

1 clerk P 12 months at .... .* 420. 00 

——- tffl'M'tt 

BniLdmgP and labor; 

1 tilt'll ch 1 Pit, -t minitha, ul $250 ...... -.. - - .- 1 # 000. 00 

I L r .-neral fureniatip t2 momlw K at $122.50 - Ip 470, 00 

t fii-n-i i il-li j „ 12 innntto, at $50__ . — ... . — DOO. 00 

l llnutenallt ol watirh, 12 month*, ui $70.... ......... HO, 00 

I watchman, 12 iijiaiiKf, at $85....... .. 00 

I Hiik-hnian, 12mrmlhM, at $60.-..- —-- -- 720,00 

1 v, alvhiumi, 12 tiwiths, ait $00. ... L>0 

1 w nidi man, 1 2 iimntliHp alt $80. .....--- . ........... '20. 00 

1 watchman* 12 minaifra, at $00....... -— ... .. 720,00 

I wtiidiEijjin, 32 niuntles ail $0(1 - - - --- ■ ■ *20# 00 

I smehmnn, 12 iinaitliS* alt fttfl. ...........- - - - - 720, OO 

I watchman, “32 ttmnths,, sit . .. - - - . 720. 00 

] u iLii'ljEiuiti, 12 mnnlhs, nt $0*3 ... ....... *20, iNt 

] witchia Lia.ii r 12 menthft, ait $60 .. - - . ...... 720, LN 1 

1 n'tilehiiiHiir 1 1 monthsflday*, at $60 .............- 072.00 

\ uatehiEifLu, 12 month*, ai $65. . ------ .. ®0O.oo 

1 watchman* 12 EiHintbs, Pit$65 . ----- .. DH0,00 

I watcha uiii t 12 la Lwiiat lm t at $56 ............ 3klO. 00 

1 vraiirlariiiuip 13 atqnthj?, al$S6. --- — <300-1*0 

3 tfntdtuwui, 12 nt$SS.. — . 0*^0, 00 

I ti TfuKwntt i, 12 LlMUlhB, ail $55. ..- - . . ^0. !M 

3 wntcbniui . \ 2 ilhI fiths, at $65,,...... CIO 

1 watchman i, 12 au#ntlif« K at $55.^ 0< * 

1 waiu hiunii, 12 cm nit K 1 -, al $55 ----- ^60, 00 

t watclitniui, 10 nmattiF <ky^ at $^ .. t113k 3D 

t witchmaitp 10 months . r > at $55 ... .- 

1 walcbmiiiip 10month#* at $55 .. .- 55t,3.00 

t waiclnmil] p 5 months 17 daya, at $55 .... - -- ’kS5. IrE 

1 w alehnwnip 4 montlwi 5 dnyn, at $6J> 220- ^2 

J waiii'limaii, 2 miHtiha # dayt^ ai $55 ...- -......... 1-4. i i! < 

1 watehiiaati, I inonlb 12 ilaiyB, fit ... 

l watchman, 12 months, at #4$ -- - oo 
















































xxvi 


rev *mi of the EXKrUTtVE comim-EK, 


Ha il* I inp* arid 1 atar—t Vmii m m I. 

1 skill*-il lfib*>ivT T 12 mrmths, al $55*.. . .. I^J 

1 skill lh l laborer. 12 mouthy at $50_ _ .. -— - -... G®0* 00 

I skilled Laborer, 12 monthtv at $4t). -------- . 480, fKl 

1 skUltnl laborer* 1 month Hi days ai $4ll_. _ TT _ T _,*«„** Sift $5 

I workman, 313 days, at .. . - -.., . 4HP. 341 

1 ltd Mirer* 5 rsmntb?, at $$Q± 7 months ttt $50 rlnO.OH 

3 laborer, I- month* llc 1*50, —-..- .. I50HtM'i 

1 kilwrer* 12 immt!k*. nl $50.... . .**-.* .. >knr,iK> 

1 laborer, Vi months at $45 . . 54b. 00 

l laborer, H months at $45; 3oK tk>T, at $1.50. . - . -. Jttl7. iNi 

I laborer, 14 days sifffi . 20.35 

I laborer, 12 months at $40. ......... 4811. 00 

i hbrnsfi 12 in*itittir. at $40.. 4so, 1)0 

1 laborer* 12 months at $4U_. __ __ ...... .... 4S0, Oil 

1 Uiil h nrer, 12 mattths at $40 „ „--* ** * ^ + -. .. 480 r ftI 

1 laborer, It months 2H slays at $40 .... . 477. 33 

I kliorer, 3 months at $40; 3 7i days at $ 1.741. 3170.50 

E laborer, 2 months- 31J days at 4-tn ,, ..... .. , .. 1 LSI. 

i laborer,, 2 month* 1Udays hi $40 ... 104,S3 

I: laiKHVfi 24 days. llx $40 . . . . . 02.00 

I laborer* 21 day?, at $40 . . .. ... 33*00 

1 laWrvr, la days at $40- ---—.. . 10.35 

1 khnrer T 12 months at $35... 420. 00 

1 lihorer, 2 month*40 day*, at $35 .. TT - 122. 07 

1 laborer, 2 months 00 day*, at $30120.4-ft 
1 laborer, 2 moot hs 30 * lays, at $03,23 ......... 9$, 5^2 

t laborer, 10 nionchfl 3 flays, at $2"> ..,,.. .... 252- 42 

l hikiw, 5 month* 101 -lays, at $35 * - . - . -. 20$. 2h 

I laborer, 2 months fl days at $2S_ .... ...._ 55.00 

1 Ml■ r. 1 i tn itLl 1 1 , ul $2">_, .......... 25.00 

! laborer, H months 4 dnyp, tii $20 .... . .... 0£f. 58 

I Ink if* ■■ r, 27 man I he 2 * lays, at $2n . ...... . 5$. 00 

1 labeier, 2 nionlbs U days t al $20. .... . . . 44. 00 

1 lakuvr* 20 Oays r al ?2 .. 52,00 

] till k)t*' r, S34 day ft, at $ 1 . 75, ...... 50, 50 

1 klMKRT, mill daya t at 31*50,540. Oil- 
1 In borer, 325 iMya, at T . T , TT . T TT , T . 4S7. 50 

1 lalnwr, 31<laya, at $1.50. ...... 477-70 

I laborer, 3I8| days, si $1,50. ___ 477.75 

E laborer, 317 days, at $1 .50.... ... 47ii. 5*) 

1 J Lik in- r H >3 1 $ days, at $!. 50 __________ _ _ 472.5t> 

3 laborer, 3K, .Mrs, at $1.50.. .. 472.50 

1 laborer, 314 £ * lays# at $ l .50. _______ 471* 75 

E labour, 313 slap, »t $1.50 .....^... 4tft +,m 

I Iab.-rvr, $13 dflV>, at f Lfrf) ... .... T+ „ 4H0. 50 

I labore r, 333 *lays. at $3.50. . . 4fjtL 50 

1 laborer, 313'kye, at $1 -SO- ,.. , .i&i 50 

1 Inkin r, 311 *1 ays. Hi $1.50. ...*.... 4l^t, 50 

l laborer, -i i day'it*l.rni . _ 406 .SO 

I lutporer* 310daye t at .. , ... -Myy. Hi 

i latentr, *I ■lays, ttfijb . . «sl Sfl 

I 1 alirtre r, 155 * lays, at f l.Stl__^. 2:12, ftfi 

1 labow, 137 ila>>, H $L h 5Q. ......^. ,, ,... k T __„ 205,50 




















































REPOET ah' THE EXECUTE V K CttMAUTTEE 


XXVII 


I ki 1 1i Ei li ai jh | ki I m fc r — l + frtit tin m I L 

t IttVil JHfr, 105 H lj!>- -. Jit Sl-iiU. .. . £1 *»"- 1 

I laborer* 112 ildVHp i*l $1.50,... ... .. 

1 talicrer, fi- riiyri, nt$tJ0„,.:...- -- 7&0O 

I lahonTf ^0 hli^yH,. nt $1.50- . - - -......, ^ l O 

I I .at h i rer, -MI tlayn, sit $K50 —. ftfl* 1 

I kil>orer T -MIdftjfS* at $1.50.. .....„■- .,—. -..... ft) 

I laborer, 27 day*. at $1,50-.. - - --- - --— + |S - ■^ l 

1 laborer. 20 Anya, at ^ 1.50 . .... - kl. rK* 

I lulrtivr, IS dare, at $1*50... .. .... -™JKi 

I Uborur. IT day** a! f 1.30.. ......... 25- r *0 

I laborer. IT days, at |l*6fb ......... — -- .. .. 85* 

I laborer, l«i 4 lay#, at $1.50. ...-.- 22. fti 

I lulwrar* 32 days. at $S,50.. -..... r . 18*® 

1 IuImflt, 10 dayw, at $1.50.. . . - -.- - - -. ]?y,{W 

i I .it lorer, 7 day*, at $ . - - - -..*. .. .. 10. ft. h 

1 laborer^ ESI, days, at |t + 50*^.-. . * -- - * 0, 7^ 

1 tnUurr, 45} day?, at f J ,50- ..+....- — - - 0, 7ft 

t luboreTp 5 dijp, ai $L50„ , .. ,. ■ . . 7.50 

t I mouth 2H days* at $35 —--- f*i.. r d 

I im i *wny>T 1 12 months at $20-... ... 240.00 

l Attendant. 12 months at $40 ...--- - - .. 40O, W 

I attendant, 322} days, at $1.50. .-w* 483 + 7 * 

l attendant, 155 day#* at.$l* -— ■ 155.00 

] attendant, 22 days, at 51 - -- 22. l$* 

1 attendant, 24 day*, at $1 .....---..- 34*00 

X attendant, 5 day*, at It . , T ,. 5. Oil 

I attenilant, 4 Raya, lh $1 . . ....-- 4. 00 

] cleaner, ! month* at $30,50; 10 monUiH 2H days, at *35. 422.17 

I cleaner, 12 man tl is at $35 ...... - 420,00 

1 cleaner, 12 mrmths at - -. — * - . 420.00 

1 cleaner, 1 moiiil^ ttt $33; It months at &}; 52 day#, at 

81.50. .. . .. . .... mM 

l cleaner, 12 m*>nt be, at $30- --- *■ ih 1 

1 clcam'tp 12 muntlw t at - --- - ftHi, 00 

L dcancr, 11 tnontb^ l$tlay>, at$30 . ...- --- ’US.30 

I ckuriLT, IL manlhft 15 dny#, at $30 S2 

j * lea tier, -I ti i on (bn 23 day*, as $: to — --- 144 - 7d 

1 cleaner', 4 neintli^ 4 ilayr, nt ?^^,l ... .. L24. sh i 

l cleaner, I month 10 days* at $30. .......- 45. -IS 


Total ftibri^ *****- T .—--- 

CgESBBVATltlN dFCOLLBTJOm IMS 
iBTKIfm 

vs pecrepfirt July 1, ltNH ..- ■—------* — 

II iFttSi |1 |Tfii &. 

[July | „ IXfl. to Jane ». 1 WJ-] 

Pianos i hr cnxnpeitaatlou -- ^^ 

Spw uil pcrvloea**---- ...- - * * 1<j 4- ,irH 


$44.^1-73 
101,^2. m 


$tl,507.02 


ThpIuI M nin-n 


$1,402;^ 

















































XXV! II 


REPORT OP THK EXKOimVK t^MMITTEK. 


Drawing* auA illiistiatjnfuf . . _ __ __ £42o, 77 

Supplies* .. ____ ! f Ml71 

Stationery _ _ „, , ... 4iiO, tVJ 

Truvwi ...„.. l r 771.21 

ftulishU ..... *13.7^ 


T« 4 d m hodtomm -.....--***.— — . H, Ml.OS 

Total espemlftiirr _ _*_ *_ „. _ _____ .. . 

Baiuns .Inly I, 1902 ... . . +++ „ m 

Awitipi* r,t)rn vfif u rf* far nihii-h* or rvMfxtuaikiii. 

IJtiix s. laui.trrjuni-sutws] 


1 ttrflfctsttir, 2 monllii, he $100 _ ... ., ... $21X1, (Id 

1 collector, 1 month. ... .,..., 125,00 

1 empUirt of the w*tcli t J Anv, at $3.. & 00 


Total expenriltniv __.. ___ 

idfttrmmf ryf rfrript* tun f 

( Jill J l h EMAIL lii JtShe ». ItfJCLJ 
Mjaitciem, 

Ap|irtifirimUi>n by Congrean, Juno0, 1UOO , a _ 


ETPKsrom- iL^fs. 


Salaries or oarujMOiJi&tfriii _ 

Special m-rvkt^ *, _, „ ,. ....... 

Tmal aervi _ _ . 

IM teft ffl aiimoa: 

Drawinp ium| Mineral hoi# 

Stationery _ _ ___ 

TVftveL.. ___ 

Frt%hk --- 

Tntul miecn!lniieoii^_ + rT r 

Tirfal i-x^-ojitilnn 1 . 

Eitaiee July l p IBQ2.+*, 


*m> 171. 45 
5 r ISO. 14 


........ tI04,;*H B &l 

2 P 430,30 

pi p rm *a 

i f rBi.w 

:t, 400.10 




PREflEHYATJD* OF ittLLfSiTIItt*, IHUg, 


h&CJMIfiw 

BcUiunv oh |* r nj.>ri July 1, l»l....,.. . 

fclPKSOTTTKE-L 
5Jh1 }' ii lUUI, U* June 3U, imr±\ 

s..p,^... ...... ? m, os 

rmjtiu Amiinrtuifi* ______ _ _ ;, ,h. 


W, 1st 4:1 

74.4W 


t,m«> 


^IBO, CMX), no 


iTfi. 025 l r>i 
74.411 


pai.W 






































FEE].KT t*F THE EXECUTIVE I OUMl lTEK. 


XXIX 


nad iUMration*..„.„....... £MX09 

SpOGutl mceH .... ....139, IpS 

T^tnl ei|* h inItlmv.-x ur xxxxx,^..^.x. $EPL24 

Jtahmw —.......... 40. IS 

Hnknra mmcd, under provUslons of Stirring n^ liuh 3099, hv tbo Tnswe 

ary Dejwrtciiefit to %\u- crudit of the rnirpltts fanri 4 JuneJtO< 199* 

yhbtl tfitittutnt o fwefipts and r.TpftidU«ra>. 

(July \ r Elk Jisn^ Si. ia«,| 

HJGCKI I'm, 

A pi m iprllti*m hy I Vn >1 nn-l t 3+ I * ......^ „ t x ...x*.*.**.- $170, IM 00 

Esr^DnriEEs 


RiJnrj^ ii r i ■* mijH . 1 tidal li t a - * _ .x.xx ft l*i> r -14 t! r IQ 

S|*triul futx itiw . .xxxxx x*^x.xxx***x 1»1*U0L- 4H 


Tola! smiit® .. _....._ _, 

ML-wIbmvpns: 

Drawingainl i]lu*tmttani‘x x m «x......_ tfU, jw 

Supplied. „ „ _ ___ _, _ T _,__x_ 4, !!14. K! 

Stationery ..............----..„ —I , WOO. W 2 

Sj^dnKsv - 10 ,^ 19 x 52 

TruivL. ____ ^atmoo 

Muhi .......... 

T. hjtil n lira I limit m l* -.......... ---- - . - 22 , 60 S. 27 


Total espemtitures ....x.—***xxx-__..x*x**x*_... 180 , 9 ML 85 

l^iktncii v . T * -_x xx x x . ....... . .. , . . r. ... 4(1, 15 


Jfahunv riirrii'il, linilif provitiaiiif uf Iteviz^l Statute*, Mtiian 3090, 1>y the Tn-as- 
tit*y Depiiriiikeiit to eIjl- emlst of the surplus tend* Jane 30, 1902. 

NATIONAL HrffilTH-rUftSlWitK ASO rtXTIIltHI, 1MK1 
JUH-TUPW 

A ppn*p rmtM m by Coiijpvss for iha tii*ral yetfr muliii^ Jam- SO, 1002, 

" for i-ii*e? T fiim him* tlxhm*, mu I ujipItnimH raquin^i for this oihi- 
hirfon ii i nl Nkfo keofJng all the rdkvtionfi of the NjiUotiul 
itieLmlkii* or ooiiipearatiaa of util neressary employees' 1 (sun¬ 
dry mil Urnnh 3, 1WI \ .....-*. ^.xx.xx. -- - f»l p mQ0 

lueitxom'BBK 
[j nlr i. i j joi, u* Jim® m, imh.] 

Siil iiri w i ■ r a mi lj t*TiftntiH-«n .... — . ^U t < 42.49 

S^U'N-rviiw ...- 24x40 


T^jtnl wrvi«# 


$ll a 7#LSa 
































XX X 


REPORT OK THE EXECUTIVE aiMMfTfiBfi. 


MiixlkiHiDfK 

Btiffllp:’ CSHIW, .. HO 

DntWetl^ iniv.M, utr ...„ . . 525.35 

Fritniffe tiroI wood\\*>rk . . Mi* 

(jlnss,.... __ _ _ __„ _ _ I. Ift:>.2i 

tUrdwarc .■____.. BH.64 

T«>L^- ............... 37.01 

Cloth---.-....___ 72. Ot 

Lumber ... ., . ... *. 1 p 420 + 52 

Pai l it*, oiifi p etc. . ....„„ 290, 6S 

Office furniture ....._ 041,55 

I^tliiTp mbW, cork . . .. 805.6ft 

9iipi rr „,,.... ifttvOft 

PlumUup ...... 389.65 

t'aju'r __.._ 51.00 

Flour................... L30 


Toni iiiistvlIrntmtiH ...... ftf f i)wU*i 


Total exitenditim-?’ --....- . + _............ $l7 h 8ti!l S5 


Rakntt July l t 1002* Ri meet DUtfiftazidlDg Jbibiiidta. . 2 r 136. 15 

■^4iriu uf tzpmriiturm fitr j mdaritr or nrm/^njwi|p>in. 

[Julyl, Ipul, loJtiMK. 

1 supervisor of coii^tmrtioo, 12 monthis ni $127.60. , ....__ _ $i F 5:flj. 00 

L y hi > | • (a prt-iiuLii, M'ii day*, :l1 ^+25 . .. . ,. _ T ,,, T ,,, , , .„, 1,017. "25 

l carpenter, St4 day*, nt $3 r .,._ _ _ ........__ T . ._. m2.00 

i car pouter, it 12 days. at $3 ....... .. .„„.. \vfrj, lmj 

1 mi-pen ler, 080 days*. at $3 ........____ 780. 00 

l carpenter, 200 day*. nt $3 _ .__ 027- 00 

1 run •enter, 20S days, sH $3.. t _ _ _ # 3 f, 00 

1 carpenter, 158 ilayi-s at $8 . . _____ __ t „ ti 474 00 

l cfcrpenter, 7fliluj,?, »t fci . ..... 22 a.tm 

] carpenter, 78 day*, at _ ____ _ _ _ __.....* g |«*_00 

] niqi'nle-r. 38 J davM, at $3 .... 1 ] 4 . 

1 cnrjx'oter, H tiny*, at $8 . ......... *. +„*« *______ 24.00 

( carpenter, l day, at |3 ... . .......... &oo 

1 skilled laborer; 2 S 0 | days, nfcSll***... 501.00 

\ skilled laborer, 0 inunthM 704 day#, at $85.. .._ THO 1 . 78 

S skilkd fiborcr, 6 months, at $ 88 * 3 $. . _____ __ t 00 . 0 ® 

1 eMilad lalN.»rer, S itranthii, nt $kk) . ....... .... + ,. _ 180.00 

I mk k] In I l&biirtitV nCft da its _____*.. ^... T ^ _ _ T 100.00 

1 skilled labun^, 52day>s at 62. _ TTT 104.00 

I ekllleil ]j 0 ki fit, 10 diiyj., sil f3*50.. .. .. 35 ,QU 

I painter, LI njcTiihe -I (Inys. at $75 . .. . ... . ........ 00 

I i*urknmti. :t*£il dayn, at $ 1 . 7^, .. ^ _. * *.... T . T ,, ......... 5 it 8 , jh 

I derk. 2.months at $70_ _____ t 4 O. 0 D 

I laltufer, 2^2day?E F at $U75.. ...*_ _ ...__ 40tJ._ ft} 

\ kbun>r, lUtdsyv, at$1.50 ______ lm^,50 

1 laborer, ,51 al $1.50,. .......... ___ 70.50 


Total fubiriiii ur iy)iij|jtiiKutiLiu. TT . . ..... t4t r , \\ 742 40 


























































KtiFOftT * IF THK EXECUTIVE i.'OMMFlTKK. 


XXXI 


j-Tttsm'itv: asji pixitkks, iwi. 

11M KELTS. 

hliDuo iur n iKirt Juli' I , IfHlt .... -- 


K \ PKN EI LIT H h>. 


i iwn. taJun* ^ mat] 

Stflmiv* nr uutnf^iujtitioii. ....... . $12. QU 


Total ermera . . „_«,,, 

Midti-I Ininiwinia: 

Ilrawitr*, trill'd, i?u: 

friuii** jiik-l wi(.nlwnr-k ... 

GUbM .... *. 

Ifihlwtuv 

Tmh ---...- 

Clothe .... 

Lumber 

limit?, tfthi, e fa .- 

OflSn^f ha millin'__ 

E h-r mil rubber,- _... 

Prawblf.._ _ __ 

Pliimbte| .... 

Flour. . _ _ x . _ ...... 

Total aMrHfrlluiH.H:iu<u,„ T - - 

Total tvpular fixponditun? 

Li ft Li rr hall: 

Krann^ Aaatl frakiuamiFk - - . 

1 hir>U Lin-.. 

Cloth., .... 

LiIeeiIh.t TTTTr .. 

Chair*.-,,..*- 

M SHI -i-]huu ■ <' Lumi ?h itiL- 

To Li 11 k-rktirr 1ml I _ 

Tola I ox pei »1 ituro - - - ... 

BabiiwJuly 1, 1W2.... ■ 




. *5, ii 

. 30. INI 

. <52.311 
. 100w40 
, -IL27 

. &UrJ 
. 1MM7 
I2&7J 
1451+ 77 
1 IW 
. 120. t>0 
. 4m. 4a 

. i.ao 


i. aiH*5o 


.x it,&iti.sn 


ias.7u 

20 

IttvSO 

#is 

an on 

»s7.00 


Ti^.is' nf'ifMtiiiii u( mfifdK ifHprf r.ff*rji*Jihim<x 

|jti.ty i, L'aij. wJout!». v\Mti ! 


lEixHai-xs. 


Ap|tfojriitiD& by Goa>;ru>i- Jum 1 0* HKw) .... T .. . 

MPBNPIW El>- 
[July l.llNPIP. En Jilin- ItU, LlOJ.J 

Salami 11r in-ti i ] w. j nsn ion.... ^ A®®--<* 

SpLHrml stirvktftt -- — 11- SO 




3 P 0W4, M 
L m 


117, m ini 


Tulal HTvbx^ 


H!7 r ^ 




































XKXll 


HEIGHT *>[? THE HXELrTIVE COMMITTEE' 


MiAM.’llaiu-i hw 

Exhibition casts ♦ _ ..... 

Ntoraga .. . . 

Drawer*, l rays, plr _....._ TWT 

Ftmms and woodwork ,,... iTTTT , ... 

Qlmo ..... 

tlordwurv .......... 

— - — - — - ’rM-rwm'mmm ... .. 

Cloth* eU' ., TrT „............ 

flirts jarw._ _...... ..._ _ 

LiimlhT .. . 

Taunt*, niter, elc .. 

Ofilcft fnniitinv *****„. 

leather, nibW t and cork __ _ 

Drawings for „ 

Thmihiui* ...... ... 

Flour ..._ ... 

Taper _____ _ 



W. m 
mr. oo 
mM 
mea 
m. 7:1 
m r \n 

147. 44 
(86.47 

«o*M 
I, I2fc36 
:474. 41 
mis 

313.64 

161.75 

\ f m r m 

1.30 
36. m 


Total mlw»llaibcoai9__ T _ _ _„..___ l P | 


Total vxtH!tnlUom...„...„ ....... .H, 008.19 

Lninit' hailfe: 

SatiirL* i >r ocaipcrapi i on T ... .. . fi| 7 . 

Wmam soil waod work ____ &sj 

fbinhvurc ...... ..... T IT.-47 

noth, etc.... .... ... &l 63 

Lnnito ----*****„„„„«„_, 135,74 

Chaim .._. . . . . Wlm 

Mortarami |>]^m1vr _^__ S ,^ 

Misixl Iojuh k k 1 1 ]rauhlogt .„ rji> 

Fit tvuptlmn, „ ......... 331 , 01 ) 

J’ainte, oils, etc ... 138.51 

I bn urines . . r it>.00 


Total rapumlifiin' for lecture bill , .... ,...^ o ^ 


Total expenditure of appropriation . 

Balance July I, ___ _ 

FintKrrijfcK anp rixTEtm, im. 


ws'jsim. 

Balance k.' |kt rapwt Joly 1, lihH . ... 


Hi.BS 


ttalwriro ■narrEt'il. tindi t jinivklnttn uf Revised SuiEuic*, m ih m mm* by the Treasury 
Department tm tbfl I'm 111 of the ■'urpltiH fund Jnno 80, 1003, 

SaHO>aL Ur&KL'X-HEATIXa ASH IJi.iHTlSi:, 1 ML 


KBCSIIW 

Appmjirialtan by iVimrtw for the fiscal year ending Jtme 30, 1UQ2; 
- ‘ for ex jwuh.i i if hwitjn^, Lighting d«irtml c ti lt plmnir 

ht-vlo- fur ibo SattMSjjkl Murtrtiini Jncln lin^furflM'iriml ii^tiilla- 
tiuii (Hiiiiflry civil art, Marrh £ 1TO1) „ 











































RErnfcT OF THE EXECUTIVE COMMITTEE, 


XX XU! 


HlHgVPITTJiESi. iLtli pi'].A|L. 

[Jislr 1. t»Jr to J uni* 30L isKU.] 

JialnHrw * tr rcrcipcnsatkm + * _„_,...*...****_*_ I:J 

Spedd e^n i^ __--***■**.*„„... 27. 


Total service*.™.. 44 fi, SH 

Coal imil wood_......____ *4 h 4fl0,fig 

--l f 279.70 

Ifriitul t*f caJJ Iwxeit.. 100.00 

Elttbruml aujipliea^., ... 317.80 

ElrcLrjrity__ T __ _. _ 792. SO 

LUnUntf supplies --******.---- 574. OS 

Teltfgnmui g r ge 

TvlujlIlMlfH ..191.04 


Tutai miweilLtuMpmc, uvular..... i> 0 S 7 . 10 

Tula] K%niljir t'xp€-inlilurv_^,_^ T _,.... 

ELECTJWG IJvBTAUJLTIOX. 

KucKirm 

Ajipn>|m:itEim, Ji * * * iliL'ludinpf $5,000 fur 

1-liHlrir jiL-.-ta]lotii>H.'" 

SXJtfSlitrraH, 


p«lf i, i«n. loJoxittJG, iwkl] 

....» $2,IKN>.4S 


^iilnri^ nr mni[Hr L ftttlrii-ili +T „.. ^ + 

Ni'n't'llmmnw 

SdppUfc* .. 721.65 

TimU ---- 4. IS 

Woodwork-_ us. so 


TV <ta L ti i h*w\ kuetitto i pRlal Irit iuti. . . 2„ S75.132 

Total dertrkr insUJlitk>a______ 4 t fl£ft.50 

Tola] iibrtmr*TLirntn Li „.*_ 

nfliunLVi»iv i, looi__, . 

Amlrjte* of tjjtf-mhiurt* J&t mfari?* **r rrnnj^uvitiim^ 

3 -ltily 1 , \m, to Jltor 3 S« imj,] 


l Dii^inoer, 1* niolitli^ mt fl2£JTO..,„*-»*.■„„„.. 

1 totaphoiHs operator,. *5 monthn, ut £40; ti raoatlia, at 045__ 

] tulophiiiiv operator, SO dajB, at f 150,___ _ 

I j^tijatrinlondentp 4 inmithj*, *l fcinO... 

J Hvrk, 2 nEiiothj^ hi $itfk ________ 

1 flrenuin, 12 riHinthr, ._,*_*****. 

1 ilri'jnjtn, 12 nioflihh, atffifi _ 

1 Ml lr»i! tnUm-r, 25ft l days, ait ....... 

I dttlloii Jalpirf-r^ il month*, at £75 TTT .. 

I akDleig lulxirer, 41 day* at f&50 .. 

SH 1008- HI 


£19, 474.117 


21,430.57 

i,m. 43 

n t 

h 


3883888888 












































XXKW 


KEI'ORT os THE EXECUTIVE riMlHttitttk 


I fikllLed lali h i rvr, 70 ilav^ aS (3.W . , .. , , r _ _ 00 

I sffctlled tube «ivr t 33 days, at .„...... T|5, 50 

I -■ddllml labdf*% 3U<■ Lh yh, lit ^I,60„ t , . ...... 106.00 

I skilled lain rvr, 2?: day** at $3,50: ] d»y. at £L. - 04- 00 

I skilled laborer, 2S duy# r at 13:50.- -----_... _ . _- _*„ 73.50 

I skilled laborer* 0 d*yn* at $3.50---.----._.-*.-. ; * > . l ._„w*w**.-i. 31.50 

I skilled Ijdmjvr, Rl day*, at f&Sttl. .. . .. 30.75 

1 skilled tabu-n-r, 0 dityjs* at $3.50. - -.- - - _ ,.,_......... 31*00 

I -kiIll’ll klmrvr, 5day*, ac $3,50, .. .. 17-50 

I lahnhT, 2-l4| ifaye ,at $2.. . 4BH.50 

I 3aKnirt-r, 27*} day*, at|1.50, ....... .. . 415.13 

I la I h i rvr, i luyy, at $1,50. .. ... _..307,50 

I liitaror, 250 days* at $1*60--_. „ __ _ 388. 60 

1 lahorer, 25 days; al $1.50- - --_. .. ............_____ 37.(0 

I Laborer- I £ day*, at $1.50. *.*+„, . .... 27.00 


Toiftl waSuriv* ■ *r ^unju jtjiatiiui, ___ ............. 8,4 J% 13 

KLFJ’TRIr.AL INm ALLU tfiN, Jlffij, 

I art m\i trie*-tri v fttfrmwi, *► me>utI w, at $03.33......_*.. . 400.90 

I rlerk, 1 iiaMith, at $70-.- -.... . . 73.00 

I i=kiIled lalrnrat-o nv<nith»204 duyp,at$75. .-141_ 

I skilled laborer, 130 days, at$3..........__ ,„™„____ 417,OO 

I ekSEtadlaborer, 1BJ day*, nl $H--._,**** . >-.«. .. 55-50 

I lalHirtr. IllMara, at fa .-* .... . . 

1 ]jik«rer, 193|days, lls $1.53.___ . .. . . . . . . .. 200.2S 

I taking 3 day*, at $1.50 ... - . .*„ . 4.«> 

3 laliQtvr, 3 (Iay 4 - T at H+ 50 „... 4.50 

I lalhsrvr, 3day*, at $1.50 ... . . 4.50 

3 klxmr, 3day*, at $1*50, - -, .. 4,50 


ToijiloJectdnU ImdaUalkm...... 2,OW),48 

IIEATCSO AN I* LJUimNO, i'Ml 
kircttiiTk, 

rtiikLuiv 4w |n'f report July i k null ...... . $l p shh, trti 


ssuM'jjO wrvtotx 


kx l r JC.V] ItTVILBK. 

|Jtlljr |, tfcU. III Jstfir .m ¥ Itlftl.S 

_ 133-70 


Totft.1 HervEnw ,„„.... _ _ .. $33. 70 

Coal ami wml f99»57 

Jin* mm 

Ekcbfidty .. .„ . li^l r (Mi 

Trk'plnM]^ ....- p-*—135.54 

Klwlrirel . ..... 4^i, 10 

Kt'flt rpf ml| U hK i4i ___, _. 20! 00 

Heatl op uupldjes __ _ _ . T _ ___ 200. 11 

.. ----- 11.05 


Totall,20drtri 

Total regular a[p|mqiridtU>U ___|l,3IU h 75 



















































ISKl p OUT m-’ THE EXECUTIVE COMMITTEE. 


JikelrU; iiHlallitiori: 

Safptks P .. . . . ... l1 

Wuodwotfc T . T „ T .„.. T .,....o.on 


Total electric iuitfii l ktium _ __........... #5fS8, 11 


Total _ _ 

tinljmiv July I r 1902. ..,............. 


%xtdl utttfnnr tti of frr^iftM m4 e^JniitltrrK 

[July 1 , taw, Hi Junr w, 

KIKI1RN 

Ajhf»n«priut'LiHL liy OuU^naH Jllkir ft, 1900 . . ... 


Kil-fcMnm kU&i. IL3fl> Ll'L.l IL 
[July I. I9U>, Li i JllklP 1 %>, IlMH.] 


Sn]jfcni-H or i‘rj]iifH'riMii[iiuL........... £0, 097. 07 

K|n™] ........___..... 0$. 


Tolftl Hl]TV4(*S r regTlIlkr _....-- T . T „ . 106. Ill 

M irM 'L L Uii.ii4^ iti -l 

GtaUitd wfNNl _ __681.42 

^ FElf3 - ■<*■-* * - i_.__. - - - - m.+. m m. m. * m I | - -4 r 40 

HiMiiJil of i^i Ll hofxm 120.00 

Elet/tnoti] Hiippltot .. . 800.03 

Elmrieity. - . _.,. 040.77 

Heatinjr anpfilie* . ...._ 707- 82 

Ti-k^ninia? ......._......__ -10.25 

Ti'k'pliutLt^ ... 572. Ill 


Ti'ilal cisbavEkiieoiir*, R"nilur T __ ,,__ 7 h 804. 48 

T* toil n^u kr e* | n fLi lilnn>. ..............-....... f 13 r 9 WI> 36 


t! IhHCTRH l S*T A l-LATIi>S. 

MfHm. 

[QrltxleO in jipproprijilum uf 117,600_____....... $3,600.IXI 


£xi-K*iirmuh. 


Sukritir or Lunipcrtwuion ,. £S5& 41] 

special HCtnda^ ... . .. 3.00 


Ti■ial vertical .. _ ..-~ 

Mtucellancmis; 

I IniWlLtf* ..._ ...... 

ftippliis* -- ........, T „ T 

... . 

Wood^nrk .... 

Tmve] . -- ...... 


*55,50 
2,193,47 
-M 14 

35.11 


$301*49 


Total in lw^I I iiiiiXHHi 1 rie imftnllAtlon... 2, fi2a. 52 

Tutal electrii; telallatloti ............ T TT , T .. - - .. 3 r 499.92 

Tm*l expi»M)ltQr«^>*-^.-.p ... 

ItaEninv JIlly 1, TO. ...... . . .. ... 


XXXV 




ti-+moo 


$17,409,77 

.23 








































XXXV t 


REPORT nP THE EXECUTIVE COM MITTEN. 


iiiLATi sry ajei* mo ansa, iwwl 
jiMt^rrrv 

Bulnri.t' m ptr report Jtily i, IttJI ..... 

Balnrnc Hurlerl, under ppovitduiw sif Revised ftintiile** action 3090, by ihcTrcwiiry 
IfepartmonL to tin- credit tho sutplng fund, Jan* W, 1901 

NATIONAL Mr&EUM-PiOTAOK, IflttL 


ApprcprMioa by Congress fur the focal y«r ending June 30, 1902* “(or 
portage *t*tape ami foreign postal cards for the Nfttunul Muslim pf 
(mum-Itt chi] act, March 3. 1901)......._ w __ $300.00 

Rsrouirtm 

(Itflvl. iwi. to June », IVOlf 

Pottage HUunpe and foreign poets] card*... ..____... 300 ^ 

NATIONAL Mrsfct’M-PHJNTlNU AM« ItlNlJlNii, LKtL 


HECKtFTS. 

ApimpHatlon by Ctmgmv for the focal year ending Jane rto, 1902 , is for 
thc< Sittitbeonhxi lnHLitiitinn, for printing 1 *}*As nnd Wonka and for 
ttw UnlktinB and EVuoc^dJa^ of thu Natiorml Mtwtini* the edition 
of which HliAir not be lm than H.000 copies, and binding in half tqr- 
k^y p or malarial not mure expttufre, scientific tiooks and putupldHs 
pprsented brand [Hired by the National Muslim Library” (sundry 
civil net, Match 3 P IB01)*„,„... . . _ 


EJU'SNijmiira*, 

I Jiilr h iMLtipJnstoW. 1 BftLj 


BuUettuff of the Munetmi._____ |7 060.41 

Proceedings of the >Iuw[irti..... 7_ ^ 

. .—.. 84&S& 

Wanks...._. 2si.lt! 

Con^m*ioGJl Record __.... :j2 r !>! 

CongrtarfdiuJ flocaraenla _„.. jgi 

Record boob___ _ ____ gg. :|i) 

Binding ...i n :iui 


Total expenditure*. _______..___ .._____ K5 fc 8*3H, 13 


Balance July l F . 

NATIONAL MTHErif—KENT OP ftflHKKHO 1*5, 1 ms. 


rtsx-Ki i-tk 

Appropriation Ivy Googrw hr the focal year ending Jnnr :td h 1902, 

M kir rent of work-hop* and temporary storage quartan fur the 
National Museum 11 f sundry civil act, March 3, utOLj. J#T ,„ H.-WOlOO 

K!$. rENLUTT KB>-, 

\JulfX 3WI, to Juneau, 1UQ2.J 

Tobil expmlitiin * .. .. 

Bmlancc July!* L902________. 


4,399,02 




US 




















REPOfiT OK THK EXfc^ClTVE COMMITTEE, 


XXXXll 


ItfeNT o¥ 

Baboo* July 1* Wl*...... w ** $0*08 

llrliioce July l p ..... 08 

KEKT Of tVORKjailOlW, IWu. 

tta pur report July 1, 1901 ...1*0,08 


Balance carried, trader pmvidon*of Bevi^l Statute^ mrtii^s 3090 p by tin* Treasury 
Department tmi the credit of tb* >nin»ltMl fnml h Jane 30, 11^. 

NATIONAL Hi HEr 3 |-llIHEI'AIIH IK 

Jcrcairts. 

Appropriation by Congim^ fcir the fLaiil year ecKliug Jiairt" tin 
i si]ii«try dhilak, March ftp IStOl j: 

M F<«r repair* to building, nlir.^ and *liudr n Xsihmiri Mu^om, 

fadtuling all aticercary labor and iimturtnl 11 „„ .... 

4 * For removing hhSc! knlcr* in the NalkmiJ Miineum haOditig, ami 
for the purvhaw ami irLFfiilltitmfi nf new boiler^ indudmfE 
lunEt'rinj ami latwr for na cMor y ttlbrnliuim and wniHKtioiiff”.,. 

Tlotiil-- -- ... 27,500.00 

mvmiiTTvm. 
fj«uy i, mu iq June m r ilml| 

Ha larifM * ►r vxm hf *> nnatii m ... Si+, 512. 21* 

^pedftl service* ..-*.,*,*.-.- &4E36 


Ti>ta 2 servluiffl,......fl 0 * 16 ].W 

Mifirtdtanucnu* 


Luuil K^r... 

582.61 

f V 'nar-tal, p Lifter, gravel, ] ime* And . 

330.06 

EtafiLwim.^ tiHiEn, etc.,.. 

607.32 

Painty min, hntahiw, etc... , . 

421.47 

Wooduf^rk ........._........ 

164.30 

Hky][ghth and ventilatory 

m, 40 

Cilin... 

56.27 

ilaTblc iiiOBsiic Jlwr and tile*_.. 

102. 72 

Newer coiiiiflctiooG . . 

moo 

Drawings _, „... - ------- 

Hn.OO 

C1btl, t cotton. 

e. lit 

Paptir ..._.................... 

67.86 


TittuI H]i^lIii[iiN^...,.. rT ,... 3,310.08 

T *ntat vijIiiure, regularup| >re| iration r „__ |J& 480.72 

aVetr tariVr,®. 

SaLarit^ or com |* h n£&lion_......... $2,801. 68 

Special Eunices ......_........... 31. Gl 

Total murviuto .. $£, 833,54 

ML-Getbmeocs: 

Advertising...... 35.6:1 

Drawing i% 75 


8 \ 5, OiXl. 00 

12 . , 500,00 

































XKXV ii 


RKt'QBT Til K KXKi UTtVK iTiJUtHTEE. 


M Lmi > LLi pLU —i Vjotimi^ 1. 

Gqiaende fcvlUidaitoatH ilJkil briek- 
ift'iirk i by ^ i.rit filet ), T _,.. 

(015.00 

Brick, ftniw, ermontp limc r pnivel 

Hand....._ _................ 

Q28hOQ 

f*i|>_- and.. 

ma.20 

I 1 ! \yb <*i peering...__, 

181, W 

Hanlviimtand _.....__ 

aas. in 

T.i leu 1 n’t, T .... 


Aqdiifc !i pavement„„.„.. aT „., 

117,75 

Two water-tub? boiled ttutipkle. 

*i 000.00 

KcEuHPvin^ dirt ..........._... 

127,50 

I^ant oil, ele ... 

0,5(1 

Trtv«2 i n^ axpiEnau. 

T2,50 

Total mbMwllniWHui^ ., _ ______ 



TnOil tieW lujiieia__ T . r _+. ft$0. ^ 

Total dtgbuiaOTenbt. _. ,....... .. (Sff, Bfll. 70 


Batons Mf h . . .. . I f m30 

.tmihmx oftjr\* tuliiun * f(tr *tilurirx rtr 

[July I. SDoln U^nnei IttL] 

1 rarperin tandem F 4 montha, at $250 .......... $ I . OHO. 00 

! fwman f J iS!ii d &y% at $3^. _______ 940.47 

1 di-rk, 1 muiilli iliiVH, atfTbv..... ..... 123.07 

l stum i^nipl ter and typewriter* 2months, at $40... . ... 80. INI 

I ijiri^nur, 2M2 days, at (3 ......... _........_ ........_K7o, nil 

1 eitr|M.*uIt* r, 2701 dajiF, fit ^ . +t .. +i .. T ...„. T „„ rT 837* 75 

1 rarf Pettier, 111 daya, at $3----- - -B33u lx> 

1 mqH'TL^r, UH \ 'lays,lt$8 , - -- 3L2. 75 

3 iurpcnter, 53 day*, nt $3 ... . ..,........... .^ T __ 150. 00 

3 rarpenteq -OH day«. at $;i- ---- -138. 75 

1 carpenter, 30 d4iy» P At S3 ,. ... T ,,... _ T . T .__ 317, OQ 

1 carpenter. 25 days, ai - ---.-.. . .. -- 75.00 

1 niqwriter, 18 d«y* F ui $3 ........—. . . „ T .. . 57. IX* 

1 mqmiter, VL davR, m $3 ............._....... _ (3,00 

1 oiqiciilarj 5 dny*> at S3 .. 15,00 

1 skilled laborer 1JI0 days, at $2.., ,. ... 308, uni 

1 skilled laborer, 19ftJ dayH. at $2 -- -...__ 887.00 

I fikttlod laborer, J months nl$70.. ___ _ 280. DO 

l akUJied label ter* lftp| sby-fl, at $2 311100 

I hkllkd laborer, t-li dnjrsi at $2_.____ 2R2.00 

1 akillid labm-r, i months 20 day*, at $H5 ^r month. . 100- 81 

3 skilled laborer, 8 months at $00_„. _„ . TVT . ... isn. 00 

3 tkQkri labtrcr, 401 day» + al $2,50, T _ _. T T _ „, . . .. _.. .„ SOL 25 

1 ekilkil IaWit* 24 day^ atfJJKfl,_40 .iki 

i *1=5 1 lid laborer 10 day*, nt $2. .. . . 20, oo 

I * til led laborer, 0 day*, ut $2.50 _ _ * * + _____ T . T „ ____ ? m 

I Ubortr. 147)-day^ at $2.^. . . ... . 21M.50 

l labhFvr, Oil dljBp a3 $2 . . .... 132.1X1 

1 labored 133 da. jb, id $1.75.._ . .. . 93], oj 

1 laborer, likll >jaf% atSl.7fi. + ..**.,.,*__ _ _ T ....._...... 22S 81 

1 labirur h 127| da>>, at $L75__. ______ ^23 13 

1 tabor6r 1 Lnl[ dayi, id $1.50. . . . ._ Smo 9 K 





















































KEPOET OF THE EXECUTIVE fsOMHtTfEE. 


1 laborer, 1M| day*. b! £1,75-- -- 

[ laborer, 103} days iit |U7S,„- -- 

i btherer, it! days at #1.75. ... 

1 bthitiT, 7 o 4 days liS ^i,79....r. T y T .— 

I luUiriTf !W)| days a! fLSfl... ........-^ ■ - 

I h\*\ f&t t 24 i lays 111 ?t - 50- - * - . - - - 

1 labnrer, 23} h lays at $ li&O-. *... -. «- - — 

] laborer, 234 days, ot -- -- 

] laWn-s 1 h ttays at f L-50.-= ■ ■ - ■ . - -. 

I laborer, t5 days sit 01.50. — - - ■ ■ ■ -. . 

I IstWrer, 15 days liI S3 ,E0. „ -- 

1 laborer,. 0 days at Sl.nfl.. , ■ , + ..... —.. 

I 3at mmw, 5 days at S I .50 -, 

I Ini purer, 3 ilflyp r at ^3 .Thi.. -- „ T _ + . ... 

1 lahurer. 0 day*. at Sl;25.. .. , . 


SKW IIUSLEKS 

1 steam liner, SO days tit $3 - - 

1 steam til ler 23 days, nt $3 . . ., -. ,«. - - - - ■ -. ^ - — 

1 ulerkp I month, lti £70 . . .. 

1 skilled laborer* 2 at |70— ..., .... .. 

I hk i I ]i“il ial m *fvi . 54 (ki>, tit 03. T . ..- 

I nkilk?*t laborer* 30 day* at 0S.W .. 

1 ektllod lal* ,rer h H ilnys* at 

1 earprtttor, 48 i kys at £5 .* ~- - 

1 ^r| t*‘ [ster, 41 * lays*, a t 03 - -- 

] helper, 40 ilays at 31.50 . -*---- 

] helper, 141 days sit -* ~ 

I 1iH|ht, 40 days ? 1.30- --.-......- 

i Wiper. at *1.50 ... 

Uielpur. 35 day#, at mM ... 

J Wiper. 24 days at f I. RO ----- 

1 laborer, 5H days at fi......... —------ .. 

1 UWrer, 57 days at €2,. . 

I lulMTL'r, 52 duvh. nl 51.75 .... .-- - - — 

] laborer* Bttdays lit f!7S. -—- * --- 

I laborer, 54 <hay*v at t1-75__**-.. - - - ...... 

I laborer* 54 day*, at 01-75. - ^ 

I lain jrer, \ days at 01.50_. ... r ...... . 

! lafchjrer, 53 dayt, at 11.50. .. . 

1 lal jo mv 54 day®, at ^ 1 .SO. .. 

1 JmWrer. 54 duyt. at f I,Sti 
L labun k r, 53 ilayR, at ^L60... - 

I lahore r, &1 } f laye, at $1 50. - .. 

I laWrer* 42} days* flifLftk****._-. .... 

I labortTp 411 day^ at 

L [n\ h in fc r, iluyr, iit li &0.. T . T . . .. 

1 laborer. 351 day*, nt |L&0. ..* 

t laborer, &*! days m f 1.50- -**>—>-- - - 

1 laborer* 2^ days at FbSO. ...... 

1 laborer. 27 days at fLW- -- -- -- 

S laborer, 22 days, at 91-50.. - 

3, laborer, 42day^s, at fl ....... 


xxxix 

1185.00 
17S.W 

uta 25 
m i3 
40 r is 
BtJ, 00 
3B P 25 
35 r ^ 
22.00 
22.50 

22.50 

13.50 
12.00 

7-50 

7.50 


31,512.21+ 
^78. tKJ 

mi, to 
moo 
140,00 
Ittf. i.H> 
07,50 

zi, m 

144, Ots 
133k 00 
60.00 
07,13 
00.00 
50,2.^ 
52, 50 

m on 
i in. oo 
114.0ft 
I OH. 50 
OS, 00 
9450 
fH.THl 

82.50 
81,00 
8b 00- 

79.50 
77.20 
03. 70 
U L 88 
54.75 
53.03 

52.13 
42.00 

40.50 

34.13 
42,00 


2,801.83 



























































REmKT OF THE EXECUTIVE rnMMI TTKK. 


XL 

BUILDLVO HLl Alty. IUU|. 
nO’EIFllS. 

BaJum:!? im per report Jtsly L l6(H _. „, 

KSFEVIl>ITVIUBL 


jjnly 1 H tWl. to June 30.1HB.J 


8[M5d«l Ecrvteee ... 

.. *35.00 

Total mrrtn* ..... 


MSefiiwlliineoos: 

Lmnl»r ,.... 

. ... 30. 2S 

Ctm&ati ptator, gravel, lime, m.nd 

Mdi. 

Hurdwmt, tim]*, etc^ __ 

F&inU, oita Lriiiihi^ ete.,„.. 

Wijffllwfirb ______ _ 

.. till h 33 

.. iso,85 


1 !t5 

___ ___ 

Tenis&o ;lchI tile floor*. .., 

.15, 7& 

MtLrLIe iTtppLiiic.. 

Pfc|ief________ 

Sltel platen, an^lra, *tr__ ____ 



Tola! miwelliiueoLu....****„_„. + _. 


Total n^iliLr 


MmussJoTy t, l»U2„„. _ _ _ 

i 

TbhtI Mtaifmfiii of Mrijrff and rjjtfwfUurfx. 

iJiily 1, ItW, to JWIH' 30L 10EL] 
UKTCPTk, 

Appropriation by Congress Juno 6 > ItftJtL „. „ __ ..... _ 

Ejpusumwta. 

[.Mil* J. itn, UK JuMr BP, IttM-S 


HaEnriv? or og&lpefratiott...|J t (J^n. 4 h| 

Specml serriet* „**,*„„.. . . 477, (SP 


Tula! wm^a...98,13h £9 

Mberi Inn cone; 

Ti-nufri runl iiU> ftnarp.. .....„.. 2 ,&t2. 71 , 

I.uaiibvr..... 316.88 

Cement, (rmvel. *ad, cte.. ..... 886. DO 

J Ian 1 m are ami tm.i ta.. . ... Ejo, oo 

Pillule, qih, bm^iiiss..... IW, IM 

Sk j liifhts Hint vradiator..... 210. 00 

Wlwl plates, aughw, paoela, eh?. 1, [SI, 02 

Dhirnkp. 2W1.J50 

AdvuiUmng..... -U, 2 u 

Tltt ' ,(!l ... 52, S& 

Woodwork „---....... 44ft. 27 

Bri<;lts . 128.83 


*884. ftt 


8ft4.8tl 


.IH 


flS.imiX) 











































XLI 


REPORT OF THE HEmiVK ri^MFI7KK + 

M krai Imsom—C tan tin net]. 

Gltew. —.—_ _....... $5. IS 

Decorating wul La jiuh E i -cili . .... M . „. 767. SMI 

Murl]le cMppinf __... .... 25,00 

Paptr ...1..... .... L25 

Total mlatvlkiww,. .._______. ftf,880, ft7 


Total expenditure__.___fl-l T iwto. s*rt 

Balance July 1, IG02... ......................... <M 

BtTELPttT) REPAIR*. Juuu, 

BaLuis'u ;lh |mt report July i P 1001 . ..... . $0. 85 


BaliiEice £=irrli*l r under prcivMciJia of Rovbvd Jtaitules. wet km -WHO, bv l lie Tw^- 
nry Tk-fsart Elicit fq the iTtnHt of the Aturpln^ fnuil, June Sfl F 1902, 

N ATIONAL MI SKCM-L, ALl>:30^ IKE, 


nKTRlIT*. 


Approprialioii by Conjrresa for Eke iMufc ycarendmg Jmit'ffl} p I90S, |J for 
ronatrartioii of h m ^ollorlea in Hie National Museum I tul Itlin^ ,T (buu- 
dvy civil uft, Mnruli 3 t IWII) .. IS,00a00 

EjrESnrn Ktet, 


[Jilljf 1. 1W1. lo June M, IflOLj 


JvilnrEe* mr oomp^nsofloiu....................... $2, 40L 02 

Speck] wrvtaes 3. GO 


Total ferries......-- - --- $2, 407.52 

>1 ini'el Ihihhj11“ : 

Hard w.im% tiwdn r vtv. 61 

CVmerit, gravel P Hund , Htnne, etc **_„****„„ rtflO.re 

Cloth, eon . .j l ...**„.**. 24,1trt 

Brushes ......*.„„,**.*„ £50 

Lumber ... 113.90 

£teel bwo^T 3 toei poekp etc . _ _ _ -- 1,4+0. nl 

Woodwork *** ** ‘ M *■ - - t ■> ri - ■■ -re t r 52. 75 

Paper... 10.00 

FLrtuprOtjf partitions .....___.___ 275. 00 


Total mfao^laheop* „„„**„.**.*„„.. 2,654.50 

Total e\|N'uditiJrcv . ___ t JMI2.08 

Boknee Jqly 1, 1002.....- ...........„3L02 

nf txpmifrtftr?* for MiUirir* or eompmulien. 


|July L lira, to Jane ao, imj 

1 foreman, 20 days, at f3,2S. _......................... .. $84,60 

1 clerk, l month, nl(70.„.. + *.__*.*—. 70,00 

] HkilltiL lutttrer, 0 mouthy at |70.... 420. 1*0 

I billed Inkircr. fl month* am ------ 300.00 

I 3al?t ircr. 1591 day* at ,75, __ . ..... ... . 279, 78 
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1 LtilHh^T,. iHiiJ ilftVH, a! $2 .. ......- — £272. SO 

] IrtlHjrcr* irtl4| ikv-Np eit $L.7T&_ ...... — aUSyflO- 

1 l«boft<«r f 1351 diiVH. at _.... .. . SfliJ* 

I laborer. 130 iUy4, Al VI-79.- - - - - -. .......... 227-50 

1 laborer, 13ft <Up« ut fl.--0.___... . .... m7fl 


Total witatk* ___...._........ t-lOfcjDe 


V AT JON A L MGSEITH—KOOK*, J*r±. 

HH fcll'f!*. 

Appropriation by Con#rras for the year ending June 'to, 1002, r, fnr 
purchase nf \nm>k^ pamphlet*, and perif«lhn1* for reference in the 
XAlionai MiL-c-Liiifc +t (sundry civil act, March % .lWI) ............... $£ f 0OOh0CI 

E5Q'£.N'IiLTl'ltl>. 

(Jitfj i. i«n. m Jutii- mi, i«f2-1 

Total egpKulitnm _______ _ — ....... *57-03 

PriiLanrv July t F -- 3,142.07 

BOOKS, IfflUL 
KBCKIITS. 

Balance, |n-f report h July \ . 1001 ....... . ! $sft& lH 

KXFKNPmTHE*. 

[Julrl, 1*H. io June 30, itMXX] 

Tolal vsjwiHLituo^_ __ ......... 705.flu 

italamwXnly 1* 1 002 ........___ _ ___ 02. 14 

BOOfcS, :tfinL 
ueckj i~r». 

Balance* Ur |n-r n ^jrt, JIIly I, m.._.. tT ._.,..., T ... __ $30.04 

EirEXMTL'itlh 
| J i i.l v 1, |WH H Vi Jane Hi, linHtj 


FitrlNNtkn „............s. 2.55 

RalflUW sr . , ’t," tr*~ir t .___ 2R. (Ml 


Balaxu'e carried under provision? uf Revised Statute, section 5000, by the Treasury 

Dcpiirtfill'llt (f» till' I'redll Ilf the Mirphirt fiirn L, Jnijt- :tti, 11402, 

NATIONAL MLl£SHt:jl-F[‘HalfABR OK SPECIMENS 

Appropriation by Cim^mvfnr tho timst! ymrtTidinjr June 30, ltW2, id SW 
pnn tiiLHi of to supply dcfldendea in ihr collections: ul the 

National HUtulry dv4l wi, March 3 h mil . Tr fin.uoo. m 


El FtSDITllKItM 
j July I. I MM. 1 m J likin' Jm. lLICKLl 

Total expenditure** ___.........._____ 7 t J&& 70 

Balance July l p 1002 h io inm outstanding I mhj lilies__ 2,471,30 

























Kfci’iiRT hf tm k m:cmvK commtttkk. 


\LII1 


I'L'KOllASE OF ^BT'IStKSH. ipnj. 


'KJBCEItTK 

flnlajire par report July ! + SflOl ..^ —.f:l P <<58,50 

JESHKSIUTiMKS, 


paly I, l»i, toJimaW, l*E-] 


Tutul e.\|jeElllltUI» 


2 P 98^39 


Bakutra July 1. 1902 _ * --~ - -—**** 

AffTfi'^ETPICAI, Hj^KtlV vn^HV, HIITIlftffilAJf l^TlTt TlON, 1WU, 


mKIITK- 

Appropriation by CoDgrv»t lor the M year ending J him? 3ft p 1902, "lor 
imiinteiLanee of Artrophyidci! Observatory* under the direction n( the 
SiiiErtramiiui fEHlhuTimi, im luiiin^ sabniOfl of uoafatanta, the purehaw* 
of nmT^ary boob and periodicals, apparatus printing nml ptiblLfbing 
resulta of nsareh^ not e^reediiig one thousand live hundred cope^. 
rtf alrtt and alteration* of Inukliug*, and mimlliiiieQiivcxisw*^ twelve 
thousand dollar-; that the dietary -d the Smithronkn Imditntiun in 
diiwted to report U* Cbiigrm on the flmt day of tho to-- set. regular «&a- 
nun an entire umami cif nil appropriation* ht-rvtofort expended by 
the Atrophy rical Oti=*mitlPry t whai m®ltw have Wn ivahed, and 
whut L"? I he prrcanl cunHitkh nf the work id wild ( itaervaliiry ” > sin- 
dry eivfcl sift. Month 3, 1»I) *,. .. .113,000.00 


iiinru BjnunonR 


SaErtrk-^ of pimfifiiaitloii: 

1 ubl P 12 iaiifiiJllLf^ h Ell 4475.. 100,00 

L HoitAnip 251 daya, at (126., - —.- - - 104-84 

L Indian t* I month, alt 4W*..--- ---- 45-00 

\ junior Kputfant. t if nionths, su $110 ^ — .... l r tit) 

1 clerk* I month- St$125 .. --------- 125*00 

1 oltoKignphti”, 11 month** m *1 ini . r ... . 1.10N, l** 

I rIcih rapher* L UK.«nUr, at $50.. . . ■ ^ 09 

1 iietrwni maker, 13 month* and U| day^ 

at $80 ... 

I JtrauiMi 12 mouther ol (5Q... <3t'KJ. 00 

1 i.‘I l^l iLi 1 r, 158 days .. + 1 OfI 

1 laborer P 4 months and 4 diva, fit $20, -, „ -- 82. spi 


Total snlarii* nr «rop(fflfiatiiin 

ticiiend expense*: 

AjjjMirsUtw ......-- - 

Books_ __ 

Buildi tik r repairs .- * - - - — 

Drawing ....„ T -^.v— 

Stairidty .. . 

Furniture. --- — 

Freight and hanLing. . - . - ---— 

Lumber - - 

IhiMicailmife .. 


frt, 5W. m 


855.20 
120.90 
14d 50 
30.00 
195.08 
52.15 
o, in 
1, Ofl 
'**4, UN 
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EEFOttf THE EXECUTIVE COMMITTEE, 


i h-neml expend—Couth 14^ 

supplier ***._*„**>_,. 

Sj*.*eitj3 purview ___ 


itr»7arv> 

Stto). 72 

-|3 P 155 .02 


Toliil . . ...... |!i,74ft. 

Rakiiee Mf 1, ._ ^fe3,69 

AHTiO H'H YHlLTA E. OKHKftV aTORY, if&3. 

Botoct July 1, 1001, hh jut U*t report ........ |7T>. Wft 


Ip^ULI^KWKVTH, 


Genital expenses: 

Apperdtna ***_-***■*.„*.*.**._ _ ___i„... $25.00 

i Boo1c#,-_** w ^***,*^,„* 4 .,***.* 1 .** -,_ T —.- 8.2$ 

%*i«HI rlwlfisily ..... 34.22 

Eupplira__. -.,.------... 21.38 


Total iliriltu^tuufilH + ,,***^ T _ T .. 

Italanw July l r 1002....... 

ASTKttUITYSlCAI, OBSERVATORY, 1W 


78.88 


.92 


Halnmv July 1, li*)l + a* jw?;r lart report ........._ *_**>,*.*„„„. $2.90 

I «!il.Li m.’i- carried h under pimiedoEa of Revised Statute^ Motion 3090, I *y the Treu*- 
nry Deportment to the credit rd the surplus fuml + Jtme 3ft, 19Q& 

OBSERVATION i*F ECLLi^E Of MAY 21. 11Bu, 

Jlflknw Jtily K 1902, uh |ht l*s*t report . ... _.. .. $755. 74 


NATIONAL 2^X)UXirCAL l b AHK. IHB.- 


WKXEFm 

Appropriation by Congress for tlie focal year ending June S0 1 1902 r "for 
eontiumog the construction of roade, walks. Irndgee, water supply, 
sewerage, drainage, mid for grading, planting, and otherwise* improving 
tin* ground*; urwliHg ami rvj wiring buildings and forWim-H^ ran-, Mil:** 

^lqdld, |turi'bjtH’, he i ■ I trajiH>|jortutIou of animal^ including mlnifes 
■'r eoiui^twHon i«f all tircwsuiy ctziphtjf^; the pcrt hnw of nfc^eftsary 
book* and period icsil*: t be printing nmi publishing of oporatiiju^ not 
cxci^liug one thfiUAand five h mu3 red copies, and general incidental 
expend not otherwise provided for, eighty thousand duSltuu; on**- 
hwlf of which earn shall be faud fmin tins revenue^ of the District of 
Columbia and the other half fioiii thy Treasury of the Dulled Etxtaa, 
and of the Him lieft-hy upproprijih^l fivethousand dollars eluK be u^l 
Eiir continuing the uuhrtUnv int-P the Zoological lAirk, from Cathedral 
uvenne and oj*iitngdnve way into the Zoological t*Ark> im-luditig m™-*- 
*irj r gmding mul reunmd of earth f * [inizidry eieil act, ^laxeh 3^ I ml ) T ^0 t 000, i:X> 


utmuftEUxam 

^LihintT. <pr rompeoaetiun: 

I KipiMintciident, ^luOnLhi, nifm _ _ _£2,700,00 

I property dark, 12 Eunnlh^ nt |1S0_ +4 _ _* 1, m fS0 

i clerk, 12 akftith^ nilfijO---,*«-,****,.*** IpmOO 
1 clerk, 12 moiitlw r nt $ 100.. 1, 200, 00 
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Siitiirii^ nr ctnnpematinn—Ooutlnutft. 

1 ntcongrnplmr, ft mnoilw, at $62.50. ami ft 

motitlitf, At $83.33 ... $674. Ort 

I lan4k^^ b ^inli'i]tr r 12 month*, at$8ft.&L.. !»90 fc £*l 

I pIintit^rraiKli+'r, 2 mj uiHh^. at . * r StM). OQ 

L pliatcgniplmr, 31 months, nt$70._ .. 245*CN> 

I I LL^fei I keeper, fl months, at flflfc fliwl ft 

months, nt f 11&+6Q .. .. . -..**•-*+*---« I, 275. EKJ 

1 keeper, 1 2 r»H i nt !j ill $«tfl .- -720- 00 

I k eojrar, 12 moot lift, nt $60 -- . . . _ . . 720. 00 

I keeper, 13 1 month* sun! 13 ilnyi, mi 6<>0 ---- 716+00 

1 keeper, \2 mi m tlWt it *..- * - 7211- fto 

I watchman, 11 1 tiiDOtliM am I 3 1 day*, j i ^(0 , 7t-00 

I watchmiii, ft jnoiith*. at 160* am* ft umiilhe, 

nt$05 _, _ -_ 750+00 

I w oM liman, S2 uiunlluS at $55 ... .-+ - - - - ■ 0®0+ 06 

I aofrlant fcimoaiit 12 olquIIi*, at Iftft -+*+--- 780,00 

1 bhkrigm ith, 6 month*, nt $75, ami ft rmmtlis, 

nt . -—-**-*— M&W 

I jfc^isliuit hlih'biiiilib 4 12 n tombs, at 600,,*,+ 720.00 

1 workman, 12 tuuntli*, itt #00.... 7^3.00 

l workman, ft month*, at #60, am! ft month*, 

tu |60 . + .. ftftO. 00 

1 laborer, 12 rnojitli-s at $60 .. 7®. W> 

1 laborer, 1 2 in- mth% at $ftft. . ----- 00 

l hk ioref, 12 months al $50 *.„„„.- , - +. OKI 00 

L IllIhmw, ft luontlw and iftl day*, at ami 

ft mi mtliK, at ... .ftTir * 5 

1 Uborer p ID} tuatilbH amt l '. ftavp T al$20 + __* 21K. 30 


Total HlhrirS or fjumperbUtlOii _^ + .. ......... „__$22,237, W 

Mlnrttljiti&w; 

Ruiblitipi......... .,„ TT — ..— ftft 

Building rnfiteriaE . 361,74 

Ferae, c»go material etc**.-..***-**--------- 3,406,06 

Fowl.n,m m 

Fp.%IiI... tt -^.-.. . . . . .. 

fW.*H*.*vr....+ + *,*,... IfKLM 

Form tart... 

l.miib>r .. 6S6,2tO 

Miichtncrrj\ Urn la, etc + . . ..‘W3.ftft 

Mi^llatH^nw Bupptitti + ,.^ --*-- 1,227.64 

FnintB, olla, etc... 140.96 

Piip&np?anti tdfigriph .....-- ——- — 72.21 

PnrcliMB nf atiimaLii.. . ..-. 1* 

REjaft iQBKmM#nd grading...... 4,005.4ft 

SgaviaL semoes .. +1^.50 

Stationery, ImlWrOtc ft&i-sKi 

SimcypiKi plana, etc.--- 40ft.20 

Tnvelin^ mkI fielft mcpflfljaea -.. 62.78 

Trtc^ plantH, etc.-- . . * 4LOO 

Walcr «ip;4y% etc- ’■ 2^.48 


TMal aw.-.....,-- 2 k, ^Ktk m 


s 











































XLVJ 


BEFOKT OK THE EXKl't-TIVK hiMMTTTEE. 


WagvHuf iii«dinjikfl hu<L Inbarereand hire of team* 
in uxiTL^trcK-tiTw build Ln^ and inutoying 
water pi^as, Imilding gutters and walks., 

plan ling treca, and dthurwiw iiii proving the 
gmumLt; 

1 tinner, "k day?, ut P4...*.*. .... tdfl-00 

I mrpenler, 20 days ai $3* *,**.+ .*,..*^ — - Td fil 

I v&r\ K-n rer, 30 days at , *>..—- HO . 00 

L carpenter, 1 6 day*,...- 4S. 00 

I Lnr[puri htr + i toys, ut P.................... 00 

[ carptmU-^, 31 5j * lays nt |s*... 4H5+ 

1 arpi’iiH'r t 4-4 itoys At .. S27, ^ 

I ittrpenter+ 0 days, M#3-..- 27. 00 

1 puntar, 10 ^layp T at $3- - -— . - - 130. 00 

1 w-.»rkiu;m. 31 days, at $t_ 73, and 3fi4 days 

al|E*„„._....--- ra&# 

I iiil w irer, 334 J days, at $2.50..___ 830, 25 

I laborer, 9G days at $2.._ . . .. TO. 00 

] Ini^rer, 380 days, at $2. TOO, 00 

1 ]jtlM>rtT, it!2} days, at $2,... rt28» 00 

1 toWer, 2H2J days, at *i,7S„„„ 404.80 

] laborer, 1J37 days, at $ 1.78_.,.,_ 6SJ&. 75 

1 tol n jre t, 137 4 days, ut $1 .IS .. * * * .. .. * _ 240.03 

1 UdK> rer n 2 I nj i lay-, at $ ] . 75 .. .. _ _ _ _ _ 377. 543- 

1 laborer, 300 daya, at $1-75 T „ „ T . 630,00 

I Ifthrtref, 3t tfiJ days at $ l «7.5. ... 834.1H 

1 laborer, 27UJ days at $L7- r i__.. 438,60 

1 taliorer, 284 days at tlJ50 .., - -- 420. 02: 

I lulhTurer, 30fl days at SI,80 - .....—. 540*01 

t teh aw, m days, at $1,80............ 5*. <50 

I laborer, liti days at SL.50 . __ _,_ „ _ 1 fid. 50 

I toburer r 25f days, at $L50_37.H7 

1 lalsin r, Hj days, at $1,50..............._ 14. 03 

l Ini H>tvr, 3034 days, n| f IJ0............ 304* $S 

1 tol m irttr, 62} day*, at$L-50.__. _ 70.12 

I lal^ir+'r, 8S7J 4lays, nl $L54P.. 88,SH 

i toWr. 81 days, at 121.50 

I Inlrtrer, §} days al f 1.60 r .„, r „ ,. _,_ T -- 13.13 

I laborer, 118} days & ft.-rkP..... ITL3H 

1 laborer, 3711 days M ... 688, HH 

1 Ukbi i-n-r, 21*1 } days, at $1,51 >_......... 437, ^5 

1 kliorer, U \ .Jayn, at $1.-50,___ 17.38 

I laborer, 3«Ki days at |LS0_... _ T _ -. 4J$0, U7 

L laborer, 308 days It f L50 .**■*„„**M7* 50 

1 laborer, 42? dny« f at |LS0,.... 04 + 13 

[ lalNirer, 275? days l4t f i»60................ 413- IH 

1 laborer, SU days wi M _____ 14,20 

I lab irc t, 185| day*', nt fl*A0_______ 275. (34 

i laborer, 10} days nt ?l 80. ... _.. Id 12 

1 IjiI k in- r, 1001 days nt $1.50. intd 183 dnv^, 

ai fL78.. TO&. 03 

1 laborer, 30-4} days ut $1 5t)„- - - --- 547,13 

1 laborer, 333} daysat |L50..„.. mi.m 

l labcrer t 106J rkys at$00... \m. 13 
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Wngraaf meritiuilra, laborer?, ere,—CVmtiatiad, 

1 laborer, 44) dupv iif $1,-50,.... 3H 

I lnl*irer + 3&J days«, at $1.6lh ......._ _ 57. 75 

I 3nhwr t 10 days, n t ?1.50.. *«._-..... 15 r Oil 

t lad^rar, 212J dayi% at fl,5D_310.14 

1 laborer, s> dap, at ?i.5i>__.......^.. is. ft) 

1 labitre r, 42 1 - lay*, m $1 -50...„. B3L 

l latjorer, Sift daps ui 91.50.. ^.... 544, 

L laborer, 30} daps at $3,50_5&8B 

1 laborer, 280} days, at f1-50 -,.— 420- 38 

I laborer. 345 j days, at 01.50 __.._., 51 8 . 62 

I laborer, 170 dap, atSMft--__.. S» 5li 

I laborer. S7| day* at ?! .50... .... mH* 

1 laborer, 114* days, at $1.50 .. -- 171- 76 

1 ladwtrer, H dap. Lit ? 1,50, _ ................... i-t. 60 

I IhIh^ew. 344 t|fp h a! $1.50.. . 510.05 

1 laborer, 307* dap, at *LW....... 4iiL 24 

1 Jat n >rer, 224 .lays, at #1.50.. im. iM» 

1 lnl nnr>-r. 73^ ikp h li I $1.25, ami days, ni 

fl.nO ...1... 101. Itf 

i laborer, 3 ilay^ &i f 1,25, and 12} dap, at 

tUO....____.............. S&tt 

I laborer, 107 dap, at £1*50, ami 711 dap. at 

$1.25........ ;m 55 

I Snlwj-rer, I SI slap, nt £1.50, mid IS5 day*, cit 

•LH-— ..TOL76 

i laborer, 14} dap, at fl.. 14.50 

t laborer 531 jlays, ait ?l . ____.. 63, 25 

L laborer, 2fl3 dap, at ?l -^ _ 203, (Ml 

I lalhiirer, dap, at *1, and Mi| 4 hv.w, at 

fin.."...m«o 

I laborer, I17J dap, at 6b 25 and 31 1} dap, 

utfl .. 43&i*f 

I Ini h> rer, 27S1 ilayi5 r at $1...... 2TH. 25 

I I Hrlfwr, O I i In p, rt! $ I - 25, tna I 27-5 l <friyH. Jit f L. 00 

I helper, m dnp, at 75 vent? .. 270. d* 

1 helper, 2® days* at 76 i^Dbi. .. 16.75 

1 helper* 4HJ dap t at 5fl cvtitn. _ 24. 38 

l 1 1 el]ter, 1*2| days, nt ftKviiIs, olid 121+1 dap. 

jkt 75 i'elll> ...'.,>.» i ? —........ IBS. 25 

[ heljuT, 23| dap, ait 50 cem*...... It. hs 

L wji ter I h tv, 221 i lays, At 75 cents............. 10 r iW 

I Hilt'mhuil. 54 days, at 75 tKMllff............. 40,50 

t aItH U lull I, s I lay*, Lit 75 celitu... 0,0(1 

I Attendant, 330 days, nt 75 rent* - - ---- ♦- 247. rSTi 

t -ami dredjter, 72* cubic yanl* at ivnb, 

ami lat^rer, thi dap at flJHl .......-- IBS,50 

1 Btoiu'-breaker* 35* ctnMc yunls. m So ^nt*.2L3o 

I i^OUehreikker P enhir Vaihls, llI +H1 crata.... 15b 

1 wEi^iti llii'I team, 157 dap, at $3 t anti EH* 

dap at $3.26 ..... . 70S,itrt 

1 WHitiiii ah >1 tl3Hi] T 17 dap, at and 20 day 

at $3.26........ moo 

I wapiti and train, 74 dap* at f3_.-- 222.00 
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of luerfmmray laborers, I'-f—CncaiiLin iun 

1 I&orw. and rsrt H -4 days, a! f !.$0..... $*i.40 

1 horn^ : lih ! i»r[ p 81 f day*. at £ 1-511, ami HI 

diiyiS ai ? LOO....... _ __ 148. 

1 taorw nod «irt r SH day*, at £1.50, and M 

dav* n at gl.tlO m«0 

1 hurra, :i30 day*, tit 60 itntH. T „ 100,60 

Total Waye* "i iiieehank*, tic ....... __._ „ J&Z? K SKH3,49V 

Total ili*hHfWttwntft,. „ . ...... .... $74 w 614.77 

Bdlttlcfr July I, JiOSL.^,...... 5 + 4S5.23 

XATmXAX SDWIUKHi^AL I'AHK, t«J. 

Hiilainr July t,. 1004, ilh jut tuM rejw±rt__ T ,_____$!t T Hirj P 29 


General axpcnwt 

Build ingM _ .._. 

[IruMing mEi,[^rial ................ 

Fearing, rege material, etc. 

Fond,______ 

Freight___ _ 

Fnid........____ 

Furniture. -. _* „„ T ...__ „ 

Lumber .... 

toolp. dr_ _ _ 

Mfrn'llaiLeoLUr... 

Ftu a t * 7 oil^ r gllHB, Hr. 

Footage, telegraph arid telephone. 

Hoad material and grading _ 

Stationery, jiri siting, etv .... 

Surrey tog j^aos, etc.......__ 

Traveling and lield <sapeii^«___ T „ 
Tnfn, plum*, etc...**. 

Water supply, wwwuge t etc „„„ 




- - - --- - 


$8&4. 42 
8. SO 
*643.41 
1,058.97 
49*. 57 
2400 
187. flO 
SUD.60 
1M.22 
230.42 
~55,7fl 
»tsa 

m.ffi 
414.00 
0.1 
l& 30 
a so 


Total dMmrwrcrenfH...... 

Balance July l H l^ r ., T „„.. 

S ATJLFSAI, BOOLOCJICAL 1'AHK, |st*F. 
Balance Jnly i B JMl t slh jk.t Inert report........ 


Si, 7W5,01 
17.^ 


$m. so 


msbojuiehevik 


I UTienil «xjteudw: 

HuiMitiir-.. f 110. (SI 

l’i'f(< iiiff, eta .......... 13 .Ift 

l ’n%Ht.*... 17».0R 

Mai-lninT>, i>lr..,,„.... 

Mhwlkii*Mi».... W.3, 

Hurvi-yinif. plan*, rtc......... 05.00 

- 379.30 


[felkjll-f .._ # 

IbalMin - carrirl, under provision* of RevW Statute 

iX^wtment U> tbu credit of the ircttjiliui fitnd T June SO, IV&L 


—~ 14.94 

3tW, by tlitt Treasury 
















































JiEFOBT OF THE EXEiTTIYE ■ OMMLTTEE. 


XLIK 


a HC A PmJLATTOV. 

Thy lulu] amount tif fuml* ndmiat^prcH by th»- JuiHTltmkm during the ymr rmlinir 
Juno 30 lh IMS, appear* from the foro^nosj etufements anti the urooilfli kook** Su have 
fcaL^ft a* fellows: 

luiinrw^EATc isamr-nox. 

From lhifenceof hut vwt, Inly 1, J vQl _§83, Wii2tl 

From jntCnem hhfi ^mithgODinn fnml for thy yw,_* „ „ '>4,72&00 

From interest on Wert Shore bootfe „ 1 , 0801 00 

Fmm lata of j mbS nut bnw ******** ** * * * .... 30L 8ft 

From repoymeatfi, frohrht, etc.. T .. 10, l(Mb24 

-— $180^774.3* 

iPJ'ltE'l'fct.VTEoS;- (WtmiP HV EO T1IK l lltH tllK l-WTOTI^ 

I ntorunihmnl i^rliau^T—San i i h>i>n urn Izurtitut km: 

From talonc** of IS0&-I0QQ__ **„, SSkGfl 

From baluiiro of MOO-lffll_..._* m71 

From Hjipropriuttmi for 1901-2 ..*. 


.\ tupriemi Ethnology sio Eths-i ■ 11 inti i inn imki n. 

From botmxw of iStfMPGO*,*.,.__............... &. in 

From lwLumv of t 0 OD— 1001 . _... . .. . £ o&htid 

From appropriation for 1901-2 _.***,******„„„. 50,000 00 


Prt^rvsiikm of cullectfanii—National Museum: 

Frani Inknoni>f 1890 - 1 B 00 . . .****„„„„_ Mi r *$> 

From telamv uf IflOCMflOl.7. ...... H,50V. BtJ 

From uppn-iprintmn for 1001-2 .. . . tm r 000 . m 


Furniture(tnii fixture—XairouuL Mmeom: 

From hakiEio,' of l& 90 ~lttb„_...........*_..___ \l. 85 

From IwLkmv of I 9 OO- 40 QI..... 2 , 090 . 23 

From appropriation for 1*01-2... 20, mo.00 


f Ivaliiig \iwl lij-hlii]i>, uti%—NutkOUH.3 MlL-cilm: 

From InSniLt 1 *> of IKartl-itW..*******„„,.. ^ *02 

Fmm Ittfemv Eif l!lflO-lffl)l **._ _ ...._„___ J.fiSgv 01* 

Frotn appropriation for 1 W 11-2 ,. .^ 000.00 


Vt u-ra^rt-—National M n*ei m e : 

From appropriation fs.r 1B01-2 _..***,*,„........ fino, m 

Fried up— Nat ii ma 1 Bf iwnm: 

From uppropfiatktt for 1901-2 ..............___17, iWTO On 

Bent "S' u-irk^}infi? T dr + —Nariorm] BfuEenio: 

From HUunre of I28S-1900........ __...... ,os 

From hclnece of lflOfWftH___ .OK 

From sip|jropHmtkm for 1001-2.. i „400.00 


Belli I [ng ropnin~N'filimml Mu ^uni: 

From 1 laloiHVef IBBGM -1900 .. _ K $5 

From Iwikimv fif 1SNUO—1 £K>1.... trj 

Fron t approprfstion for lWi -2 .. T 27 , 600.00 


ti nl 1ri«0~NitionmJ W 1 wum: 

From njiproprsalien for HWl-2 ... . ....^000.00 

SM lW2r -IV 
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UK PORT OF THE EXECUTIVE COMMITTEE. 


Roiiktf—Afrit moil Miueum: 

From balatioi) uf 1 S 9 ^ 1 W 0 Q _$ 30.84 

From i nilanre i if I SMMV190 3___... *.. 04 

Fir Fin approprialiun for ...__ + iTT ., T ,„,. * oflO. d.i 


Ptuvliiw uf NariimuJ Mn^-qta: 

From itiihiHiv of 1000-11)01 T . .. ;i fc mg,r,o 

F mm approjurintian for 1 fl 0 I -2 ..„„„ . .. hi,O 00 ,u 0 


Ast miil i mm] Ob*emtoiy—SmlOisnii fan I is*t itnt ion: 

From balance of IfcittMlMHi_.____„„ 2.1«a 

From of HMKM 901 .... 70 h SO 

Fmm appropriation for 1901-S - ---- 12, 000, 00 


Obw-mtiou of rclifwo - if May 2ft,, 1900: 

From iMitnniTB July t + tlN>l________ _ _ _ T&5.74 

National Zcologlgil Park; 

From hakime 4 pf 1 HOD,..**•*•«*_ jfti, 30 

From halmimgol 31300-1001.... 40 

From appropriation for 190K2 .... _____ 80,GDG r CO 

- 90, lOtl, 55* 

MIMAH Y. 

Bmitliwniom Inshtuticm__ _ _ _____ __ * .... _**_774, 35 

E*danffs.....2%9fti?.Bl 

RUinntojfy........ 62,08&,M 

Preserralien of crU^Etkirw............. . 136,830.31 

FEimilnro and fljctiirt*___22, 3*i8 r OS 

Heating mid %l]iifip .—__...... + „_..........__ T _ 24.883. S3 

P**t“tre.. ■ ■ ..... MO. 00 

... 17,000.00 

Rent iti wOTkahopfl ...... 4 . 4, 

Builifinjf repitra, .„ 28, 385. 76 

GdJeriai........... 5 ,000, on 

to***--....*. ^888.68 

PureluLn! uf gpeciuiciij..... .. ]3 i (VVH. oil 

AjrtrjphjpSoO Ohsermtory........ j" nsa, jn 

1 >bscrvbtioii of tjcUpoc of May 38, 1 WXI ..... T.'iS, 74 

Xatioiitt] 7 jm > loyii-jl l^rls-......----- 80, li«j. All 

-- a&.JifftBi 


The committee htw examined the vouchers for payment from the 
Smith woman income during the year ending June 3», ench of 
"‘hii'li boim* the approval of the secretary or, hi his absence, of the 
acting secretary, mid n certificate that the material* nud services 
charged were ejppiiei.1 to the purposes of the Institution, 

The cimimittce has alni eximiipi ii tln> accounts of the several appro* 
jiritttions committed by Congress to the institution, mid finds that the 
Intact's herein lie fore given correspond with the certificates of the 
disbursing clerk of the Smithsonian Institution, whose appointment 

as such disbursing officer has been accepted and hi* I.. approved bv 

the Secretary of the Treasury. 

The quarterly ^counts current, the vouchors, and journal* have 
iKH‘11 examined and found correct. 



































REPORT OF THE EXECUTIVE OMIUITTFE* LI 

titabtiMit uf rftfulitr /mu, thf Smithi^inn Jtoiff ttmfaihff fit? in u-r.cr 

flfictfuj/ Jkfi# .^0 + #I-fAL 

HvlIuiw Jtlljrl! !f*Of....... |81 p m01 


Intern* due and receivable July 1 F lW £ m ■ *„*****«.*_*-_ ^7 h AGO. no 

I merest am l need va Me January 1, I sn icji _, _ _ _. + T 2T, SflCt 00 

Intafti't, iVkHt stmre Railroad homiflp due July l p 1002 T __ _ uni. im 

1 merest. West Shore itaiKmud bondcs, d« January J„ ltiOtf. A+CU30 

--- FW f 400* 00 

Tma] available for year eruLiu# Jium- 30. 10TCL,*_*,_*.__* + LH7 f ASOl iPl 

I C-c-^ piH-t f I I1 ]y h si I nit i LUsiL 

J* K. Heni>krsgs\ 

Alexander Guam am Bell, 

8om EL Hitt* 

A-i'V I* V / Vffl Hi ititit r 4 

Wa^us(pTON ? D. i 1 ,, Jtinwutj iU l & Qti - 


24435 














ACTS AM* I’ESOI.I TIONS OF CONGRESS RELATIVE TO 
THE SMITHSONIAN INSTITl'TION. ETC. 

(1-OFI11 n u*-il Ir-.m ^nH-Encw KrfUTrti.] 


sm miwis ias iNsrrrrrii in, 

Smitusoxian Deposit [Libiuuv of Foxohk ss] + - For custodian, 
tine thousand live hundred dollar*: one Li-d-tant* one thousand two 
hundred dollars: one messenger. seven hundred tm<t twenty dollars \ 
one messenger boy, three bund ml and sixty dollars; in nil, tfuw 
thousand seven hundred mid eighty dollars- (Approved FeUnurv 25 , 
IPOS* Statute^ XXXII. 864.) 

KmIIaSUK OP FUBUtf I>sriT 31KSTS [LtHttAin OF (JOKftRKgs], For 
expense* of exeliniigtng public- documents for the publication* of for¬ 
eign governments, one thousand e-i^Tit hundred dollar^. i Approved 
February 26, 11)08; Statute*, XXX JL 865*) 

SATfoNAl. Mi;sKt>t + 

For crmcp, furnitures fixtures and appliance* required for the exhi¬ 
bition and safekeeping of the t-oltocttciti* of the National Museum* 
including salaries or i&upensaibn of all necosstuy employe ps f weoty 
two thousand live hundred dollars. 

Fur expend of heating, lighting* electrival, telegraphic., mid tele- 
phonic service for the Nat hum I .Museum, eighteen tbmi-nnd dollars 

For continuing the p reservation* exhibition* and ia<-reuse of the col¬ 
lections from the surveying and exploring expedition* of the Govern¬ 
ment, and from other sourer-, including i-alimr* or compefifttLlion nf 
id I neceswiry employee*. our hundred and eighty thousand dollars of 

which sum live thousand five hundred dollars may he used for ... 

S5nry drawings and illustrations for publication* of the National 
Museum, mid all other necessary incidental expend. 

For purchase of specimens to supply defiriendes in the collections 
of the National Museum, ten thousand dollars, 

I’^r jum hivse nf laioks, pamphlets and i^eriodhaF for refrmuc in 
the National Museum, two thousand dollars. 


LIU 
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ACTS ANn RESOLUTIONS Of CONGRESS. 


For repairs to buildings. .-hop-. and shed*; National Museum. includ- 
ip^ ail accessary llllwlr Hint materia]. fifteen tlinUStUld dollar*. 

For rent csf workshops and temporary storage quarters for the 
National Museum, four thousand four hundred dollars. 

For postage stamps and foreign postal mnU for the Notional 
Museum, live hum I ro>l dollar*. lApprovcd March 3, 1U0S; Statutes, 
XXXII, UOL 1102.) 

Bl ildtno pi.u National Mtspe it: To enable the Regents of the 
Smithsonian t j-istitut Lon to numuenre the eration of a suitable fire¬ 
proof building with granite front*, for the use of the National 
Museum, to he erected on the north side of the Mall. 1 between Ninth 
and Twelfth streets northwest* substantially in accordant 1 with the 
Flau A, prepared and l h m i t r * ■ d to i Wgresis hv tin- wen+fairy of fin 1 
Smithsonian Institution under the gimvisioli* of the art approved 
.him* twenty-eightfi, nineteen hundred and two* two hundred and fifty 
thousand dollars. Said building complete. including heating and v« ?h 
hinting apparatus and elevators* dial I cost not to exceed three million 
five bundled thousand dollars, and a contract or contracts for its com¬ 
pletion is hereby authorized hi he entered i a to subject to appropria¬ 
tion* to lie made by tVmgress. Tbe eonsiructuiii >hall Ijc in charge of 
Bernard It. Green* *U|sTUiterjdenf nf Buildings arid Grounds, Library 
of Congress* who shall make the rontmets herein authumed and dts- 
burse all appropriatiotis made for the work, and shall receive as full 
coin]x?hsjition for his service- hereunder the sum of two thousand dol¬ 
lars annual ly'm addition to h\> present salary, to he paid out of said 
appropriations. (Approved March 3* 11 Statute*. XXXIL 1102.) 

For ihe Siuithsonkii Institution* for printing laln-L irud Maliks* ami 
for tin* "Bulletins" and "Proceeding*-' of the National .Museum* the 
editions uf which 'hall not be jess than fhree thoiicmd copies. and 
binding* in half turkey* or material not more expensive, scientific 
toots and pamphlets presented to and inquired by the National 
Museum Library* seventeen thousand dollars. (Approved March 8^ 
HKH3- Statutes* XXXIL Illd.i 

For preservation of collection*,. National Museum* sixty cents* 
(Approved March 3, 1W3: Statutes. XXX 11, P*7fi.) 

INTERNATIONAL RXiTlUNUE& 

h or ex pc n >e ^ of 11 te sys te n 1 of i. 1 ite run I i nun I ex v 1 m 1 iges 1 a fc t ween th e 
[ niti.sl States Ltnd foreign countries* under the direction of the Smith- 
simian Institution „ including claries or compensation of jlII nccessurv 
employees, and the purchase of necessary books? and ju riodlnds 
twenty-six thousand dollars. (Approved March :S* 1003: Statute 

XXXII, HOL) 


AVTB AND HE^OU t TTON3 OF CONORS 


T + Y 

Cr kolakjical Si kv kv, For tin 1 [mrdinsc of necessary tumk- for the 
library. indutling directories and and 'cieiitific period¬ 
ical* needed for put|N?^ f not to excti^l two thousand dol¬ 

lar-!, and the payment for tin* t tuns m ission of public documents 
through the Smithson bn exchange, four thousand dollar?; in all, six 
thousuiid dollars, i Approved March3,1P03; Statutes, XXXI!. Ills,) 

Xavai. OnsEUv atouv. For repair* to buildings, figures* :lih t 
fences. furniture.* gan* rheiineal>, and slaEimiery. freight (Unhiding 
transmission of public documents through the Smithsonian exchange), 
foreign postage, and cxpressage, plants, fertilizers, and nil contingent 
expense*, two thousand rive hundred dollars. (Approved February 
So, lf*08; Statutes. XXXII. S80.) 


BUREAU OF AMERICAN KTIIM1LOOV. 

Fur eontimmig ethnological ressnmdjfcS among (hr American Indians, 
tinder the direction of ihe Simrtj'oniaM InsntutEoiL, including salaries 
or compensation of id! necessary employees atid the puiviuLsc of neces¬ 
sary iww>hs and jwruKihids, forty thousand dollars, of which sum nut 
exceeding on© thousand five hundred dollars may he used for rent of 
build! fig* {Approved March 8 f 11108; Statutes, XXXIf. 1101.) 

NATURAL ZOOlXHUl’Al. I'AUK. 

For rout i tilling the construction of roods, walks, bridges, water 
supply, sewerage and drainage; and fur grading, planting, and uihcr- 
wbe improving the grounds; meting and repairing I mi [dings and 
inrlosiiiv*; care, Mibsisteinv, purchase, mid t hi iispo r tation of animals: 
inHuding salaries or com pea satina of nil neecsft&ry employees, t he pur¬ 
chase of n rccssarv ta>oks and period leal"* tie* printing and publishing 
of operations*, not exceeding one thousand five hundred copies, and gen- 
era! incidental expenses not otherwise provided fur. ninety-live thou¬ 
sand dollars; one-half of which sum shall he paid from the revenues of 
the District of Columbia and the other half from the Treasury of the 
United Static ^Approved March 3* Statutes, XXXII, il-ns + ) 

Far Adams Mill road, Columbia road to Zoo. grade and improve, 
geven tltousanddoilsrs* (Approval Marche, Statutes, XXXII. 

1 ilia.) 

lliut in order to more fully carry out the intent of the provision in 
the appropriation art approved duly first, nineteen hundred and two, 
providing fnr the expense-: of the government of the Dutrict of t olum- 
bia, authorising the readjustment of the lines of the streets an the 
east side uf the Zoolagiail Park, the Tomlin ssi oners of the District of 
Columbia be, mid they urr hereby* authorized to use n* a highway so 
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Art* and kevolutions of cdnokkss. 


much iif thr Zdologi^l Parkas lies within u proposed street on the 
eaM dde of said Zoologiuil Park between Ken von street anil & Single 
mad, the I founds of said street being hwaUed as follows: The Hut build - 
log line to be distunt fifteen fin-l from the present improved thltty- 
foot roadway and the west line to be d bloat forty-live feet from the 
present improved thirty'foot roadway. (Approved March 8, 1W3: 
Statutes. XXXII, WtSS*) 

A STIES > I s 11T Mi A L OBsEtt V A T< >H V, 

For nminteiiaoL'e of Astropby steal Observatory, under the direction 
of the Smithsniimn Institution, including Hilar ies of ns^btunfs the 
pttrehm-e of mw^iry hook* am! perioda-als, apparatus,making nrces- 
siry observations in high altitude^ printing arid publishing results of 
researches. not exceeding one rhoiisuEid live hundred copies. repairs 
ami alterations of building' arid miscellaneous expenses, fifteen thou¬ 
sand dollars. (Approved Manh 8, ltMJS; Statutes, XXX I L lie].j 

IU-ITSTlEATIONS IN l.oYERNAI EST lnfTl'31 UNTS. 

That no partnf the appropriations herein made for printing and 
binding shall In- used for any illustration, engraving, or photograph, 
in any document or report ordered printed by Congress unless the 
order to print expressly authorizes the HiijiC, nor in any doe nine nt or 
re | sort of any Executive IVpiirtmcnt or other Go vommept establish- 
me lit until the head of the Executive Department or Government 
establishment shall certify in the letter transmitting such report that 
the i Hum rut km is necessary and relates entirely to the trail suction of 
public business. (Sundry civil net, approved March 8, 11*03; Stat¬ 
utes, XXXII. I14T4 


BEPOUT 


S. 1>. LANGLEY, 

& !■: < H is i:t a h y <■ r t u k « \\ i t ir so s 1 as i n st i t < t i <» n , 

Kim thk > n \\ kmiini; ji'SE m imra. 


7 b / h r //>"■- /nl *y f Nr tjy ittft iff* tht Sin Uh *vnr J- 1 ,■ if ZjtAf ft h f if . 

G kntleihEjS - I have the honor to present he;resvith my report show¬ 
ing the operation* of the Institution during the year ending June Hi>. 

including tho work placed under its direriinm by Congress in the 
United Stales Nullum] Museum, ilie Bureau of Amerirun Ethnology, 
the international Exchanges. the National Zoological Park* riml tho 
A*t n njili Ysioiil OhwTvatoiy. 

Following tho precedent»f several years, there given, in the body 
of this rejjortp u general mrcotuit of the affair* of tho Institution and 
its hummus, while the appendix presents more detailed statements la y 
the persona in direct ehaige of the clifTdx-nt hnunhrs of tho work. 
Independently of this, e Ili^ operations of the NiU ional Museum lire 
fully lrouted in a separate volume of Iho Smithsonian Iteport, and ibe 
Report of the Bureau of Aim-rinm Ethnology constitute*- a volume 
prepared under the supervision of the Director of that Bmvau. 

THE SMITHS>N IAN INSTITUTE >N. 

T11 K KSTA HtJUtt51 K XT, 

Hv iut of Congress approved August IU, IMG, the Smithsonian 
Institution was e rented tin Estuldishmcnt. Its statutory members arc 
the President, the Viei^Presideot, the Chief Justice of the United 
States, and the heads of the Executive Departments. The preroga¬ 
tive of the Establishment is "the supervision of the affairs of the 
Institution and the* advice and instruction of the Board of Regents.™ 

On tho death of President McKinley on September 14-, Uhij., Vice- 
President Roosevelt succeeded to the Presidency and u vacancy 
occurred in the vici'-presideney. Other changes wore caused by the 
resignation of tho Hon Lyman J. Gage, Secretary of the Treasury; 
ssr 1903--S l 





REPORT ME THE SECRETARY* 


thi- I]mi. 'Mm 1>. lying, Seerrlaiy i-i the Navy, and the linn* t 'tmrles 
Emu ry Si lilt Ij .* I \ >sl i n:i ste r■ ! * cm K ra I. 

Ah organised mu June SK) f 19(J3 T the Establishment cmiaistcd of the 
follow in j ex nltielo memliers: 

T1 [Ys HH )JtE li< H>s E V ELT t 7 V- >: ofen / t/te f t* Ut \l Slut* 

\ Vadimy *. 17rt ■ / Vh W*/* **/?&* f n it* d Shi 

Mkj.vim+k W. I rrj jKR, f VM/'./W/7 v tf/7/f* f r nihd Stole*. 

John Hay* A'r* vvh ; f Shit ** 

Lfslik \L Shaw, >*^nhmj fifth* yV-r/^r/y- 
Eu)i l ffr hit, >‘h fyv 1 Ai^'_v of 3f u\ 

rmi*A3]>tiit C. Knox. Athirn^-Ortu^tL 
Henry C- Payne, PtMlmtixlrr-GwinaL 

W 1 JJ.I AM 1L Ml K)DY * St W. hi t'ff uf th * _ Y*t 

EtiiaN Allen IliTriicniJi* X-T*Mny **/fh* ftthrmr, 

r f am W i j jh *x + r>/' , I /v" ■« 7/w fv, 

HOARD OF RELENTS, 

The Board of Regent* ccmeipts of the Viee-Presukmt and the Chief 
Jiwth'uuf the Cnitrd States n^ ex officio members, three members of 
the Senate. three nleilibers uf the House of Representatives mid six 
citizens. “"two of iv I ion i shall lie residents of tiie city of Washington 
li inil tLi.- other I'mir fliall No inhabitant" of .-omr Stale, hut no Iwo ..if 
them of the -!iine Stale." 

In ar eon lance with a rrtfohtlitni of the Board uf Regeuis adopted 
JiuiiLtiiv, LS1MI, hi which it> annual meeting <htihn on the fourth 

Wednesday of each year* the Rout'd .. on -Uimuiry ‘JsJ, Ihii^. at J0 

oY-loek zi . m. 

The following i* an ahstmet of its pnieoedings. which will he found 
iik detail in the a.ml ivport of the Ihmrd to Congress; 

TJie Secivturv Htatcd that Mce-Presidi nr Roo^evtdt hrnl hum exafficlo 
umetnlH-rof tlic lk>anl 7 hut lliaf by ri>aaoii **( his surerssion to tho 
Presideney through the deal 11 id President McKinley hi* membership 
upon the Board had «‘d. and he had lwome the providing ulherr 
of the Institution. In uvc&ixknec wrth procodent, an invitation had 
been extended to the President pm temjK>ro of the Semite* the Hoiu 
William P. Fiye, to atkHid the im eting in pltuxi of the Vice-Pr^sideiit* 

He mmourned the mi]ipointiuenL as Regents of iiepre^atatives 
li R. Ilitt, Robert Adams* jr.. and Hugh A, Ditetnore* \xhu*n .term* 
had expired* 

The Secretary preHmtod his report of the operations of tie- Institu¬ 
tion for the fiscal year ending June Jo. XfNU. inviting the Boards 
attontdon to the statement* eoneonarag the National Zoologioal hirk* 
die Iiiterimtimml Exchange Bureau, mid ihc other interests under 
their charge. He spike pirtindurly with mgard to the crowded eon- 
diiioii uf the National Mmteaim, rhe need for additional spa^ Un the 


ttEFGET OF lUK ^Et'KKTA FtV. 
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exhibition mid cure of the increasing collections, and the need of 
xpeeml action to secure it. 

After discussion* the following resolution wax adopt*wi: 

/frW t>y} x That ;ii committee consisting of six mefiiKwft* of thin Board 
be appointed by the Chmirellor. whose duty It shall lie Em represent to 
(Progress the pressing necessity of additional room for the proper 
exhibition of ;H]h-i iuienH t ^longing to she National Museum, and of 
additional appropriations to carry oil the work of the Museum. 

The Chancellor up^ioiuted m raembt-ra of tills vomtnitti'C Senators. 
Phitt, Cullom, and iWkrell. mid Representatives Hitt. Adams. and 
Dlnsmore. 

The Board adopted the mmiml report* of the executive and peitrui- 
iiect committees* which had Iwon presented by their chairman. Senator 
Henderson* The usual resolution relative lo income mid exjieriditure 
was adopted. 

The SeereLi tv read ;l letter from the authorities of the British 
lun-bl ground at (it- non. stating that when I lie time arrived for the 
abolition of the cemetery by the Indian (iovernmeiit amd the transfer 
of the bodies there to a new site, the remains of Smithson would bp 
rein ter red with due reverence and wire. 

Mr, Hell said thill lie would like very imieli to have the records show 
that he hud presented to the Board til the Inst meeting an expression of 
his strong feeling that the remtiiissof Smithson should be brought to 
this country* 

The See rotary -aid that the governor of New Mexico had olTeml to 
transfer to the Institution mi ancient Swinish |j&hlce in Santa Ft\ on 
condition that ir lie niiiTulainecL without, cost to I lie State, u*n museum 
of the archaeology of the Southwest, After discussion Hie Board 
decided thni it was inadvisable to accept the proposition. 

The Secretary said Unit since the foundation of the Smithsonian 
Institution there Imd perhaps occurred mj event of more importance 
til it than the foundation of a new institution—the Carnegie Institu¬ 
tion—whose declared aims and general purposes were nearly those 
which the Institution has hitherto considered its ow n. Mr. Carnegie 
invited the Secretary of the Smithson Inn to liemmc n member of the 
board of trustees for the management of this fund, in the following 
letter: 

mm 37, iWt * 

IHuftSnt? 1 am about to transfer ten millions of fi jht cunt lttndii fn a body of 
| r , r tim pipcBM deioriWl in the iiiclcftst pajher. A list nf the trustees 
selected is also Inclosed 

It will Iwa poiiree «f ranch pleasure to me if ™i w ilt kindly rmutetit to serve. 

Truly yPiling Awwntw i \uimhjil 

The SKrm.-r.lftV OF TOP ItmtoX JAH IXHTITITIOS. 

The letter %viis accompanied by u list of the trustees and by u state¬ 
ment of rhe coxssidemtions which led to the establishment of the foun 
dadon. The Secretary rend the articles of incorporation of the new 
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EEPOUT OF THE SECRETARY* 


Institution* and -tilted that after conferenco with the tlia tied I or and 
the chairman of the executive committee, he had accepted the trustee- 
Whip in I he following tonm, conditionally on the approval of the 
hoard; 

[lunEiiDBc HI, S*«OI. 

Peas M: t I In RL'krhnu'tmlip' tin* Ft-oefftl • jf vniir roiis lmitiiuiitipri ot tint 27th 
iiistml, with thaarcorogMiiyhig ji kluU ri h w the general purpose of an Le>titutii*n 
Mr ^Lablirilimt>fit which yoe propose to round in the city of WfHtrixijgion for the 
s'lifMiimoment til research mid kindnd iuul also iartn-iii^ uls^t uf propxfc-d 

trustee, in which you urv o-Boagh Hi name the Secretary of the Siuithtfouiaa 

Invitation m mi *** nifh-io turner. 

It will give <ne T ptwtiftattj; great pleamire T with the enneent of the Begrnts. to 
iieeept awmU-reliJp HjKin ibis board, and I desire In exuruss my sense of warm retofl- 
ottiirii u! the large parpen* which him* mspm^l ymi hi n mki • ilnsnnblr iKMntfacdfiiu 
I iicirpt ri]ch uiciiiherdhip hi the alnenrt* of kittnvled^ui :l> to details, hut in the ful] 
mniulpiux' of a sympathy with vour general purj?w. 

Ven r rwpertfully, yours, i>. P. L^utr* 

Srwrtftrtf. 

Asiwppr Carrie, Esq.* 

A". ; llVjnf .SiTrrrt, AVir Ynrjr i 1 V/y. 

He then stated certain considerations with regard to the relation ship 
of the Smithsonian [nsiitution to the Carnegie Institution, and asked 
fur an expression of 1 lie- opinions id the Regent* for his instruction. 
After di^uissbin it win* announced as the fttmse of the Board that the 
SfE’ivtfiry should ai repl the trusteeship unfettered by instruction ft. 

The Secretary then spake of the affairs of the Bureau of Ethnology, 
and of the Astrophyshatl Observatory, whose first \ nhime of the 
Aimak lie exhibited. With regard to tile Olwr valor i\ the Secretary 
said further that Cuagra** had asked fora report of the appropriations 
glinted il Jtnd of the results obtained, tturh a report had Imm sub¬ 
mitted at I lie beginning of the ^iiHi, and had 1 Him ordered printed* 
It included the Annuls aUiVti referred Uk and he had tmeti enabled to 
add a number nf commendatory letters from eminent men of science, 
such aw Sir i h orge Stoke*, l>>rd Rayleigh, Lord Kelvin, Sir Wilburn 
Huggins. Sir Robert Balk Prof, Simon Newcomb. Prof. K. C. Picker 
ipg t Prof. G. E. Hale, and others. 

fuioAViiurtOtf or boaro of iikoehth. 

As organised at the end of the fiscal year.. the Board of Regents 
consisted of the following members; 

The Hoik M, W + Puller, Chief Justice of the United States, Chan¬ 
cel In r; tin- Hon + W, P* Fiye, President pro tempore of the United 
Suit* . Senate; Senator S r M. i'idiom; Sector t). IL Platt; Senator 
Francis il. Cockrell: Representative li. R + Hitt; Representative Rnb- 
ert Adams, jr.; Representative Hugh A, Dhisuiorc; Dr. James B. 
Angeb; Dr, Andrew D. White: the Hon. J. B* Henderson; Prof. A. 
Graham Bell; the Horn Richard <>!ney. and the Hon. George Gray. 
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AOillMsTUATIO.V. 

The general gitpervision of the huatnrss of the aevenil dependencies 
placed by Congrcga under tho direction of t hs- Institution bits year by 
year re^uinxl the increased personal attention of the Secretary, 
although as far as scorns practicable the turrying out of details has 
been left to those in immediate charge of the work of the bureaus. 
The 4-fust of tin* clerical bl kit involved in this general supervision by 
the tSmvtaryk office is in part met by nllotmmiu from the various 
Govonuiiriif appropriation*', although the Limited income of tin 1 lasti- 
tuthm is still drawn upon for many mutton' which should properly be 
jirovidHj fur by Congress 

The Hoard law authorized tin? tfi-cretarv to ky those matters before 
Congress* but tiie needs of other pirts of the Institution'* service 
have seemed so pressing that he has as yet deferred doing so in favor 
of such other demands. 

BUI MU NOS. 

Some much-needed repairs to the main roof of the Smithsonian 
building were in progress at the dose of the fiscal year. Ill this 
coancctbn it seems import ml to ml] attention to tin- necessity of 
n reconstruction of the idling and other renovtil in ijs of ihe large 
Anthropological Hull, whose noble dimensions deserve a worthier 
t real fluent, ami of improving the nitres* to it + 

Improvement*! won* made ia the Smithsonian ki^eineiH in the 
quarters mvupied by the Kxihnngti Office arid a hydraulic elevator 
W&s eonstrm teil for the handling of heavy package*. 

in the paragraph* devoted Up the Museum and to the Zih’ logical 
Park mention is made of building improvements during the year* 


FINANCES* 

At the beginning of the fiscal year, duly t, UfiU, the unexpended 
balance* ns stated in my last report, was During rhe 

year the total receipts by the liiatitution were LOU H Of this 

outtl $aB.4O0 w as derived from interest* while the reu win mg 1J.09 
was received from lutseel lane mis smiivcs. 

The disbursements during the year amounted to the 

detail-of which am given in the report of the executive committee. 
The Uilance remaining to the credit of the Secretary on Jane 30,It* ^ 
for the expenses of the Institution was !|81 t l2O*01. A considerable 
part of this balance is held against the tree simulated interest on the 
Hodgkin* and other funds and against certain contingent obligations 
which may bo expected to mature as n result of various seieiitUk- inves¬ 
tigations and publication* in progress. 




Ij 


KEP'fflT t>v Til K ‘KH'J'AHY . 


Tue permanent funds of the Institution iiro ns fallows; 


Beqd&t rjf Smllhtuu, 1846 ...— . . IWh 

Ifcbidtmry Ifjn'y iif ?*ii)iihsoii, I#i7. .. ... ■ ■■■■ - 2U, £1 (i. 13d 

Unpcurns i n m% *uvinp* t>f ino^ 1 *^7-- -- - 1 W 

IV* of Jump- 1 taEll E l U - 11 . 1 S 7 a .. . ...— - OOllr INI 

^uft Hamilton fuml T mSS-l*O00.*w 

- -- 2 t Oii*l. IKI 

Bequest tit Sinifysi 1 Inbel, t k. * ..— .. 5,1 *^ 1 ** 1 

Duipoilip fm-Tpi pmtw*>f Hull- Ilf IhiiuIj-h lSS|„ „„. Ti - - - 51. tHJ 

irjito(Tlmnubi Gi IMglliuii ........ -. -- BOG, UflO. 00 


Portion ul i\-sidtEiiry of Thoimw 1 7 31 ^ ni^-ici eisl imhl.. 00 

Toial fuml --ai2,000,00 

The iilicivf fttod is di'jMisiud in the Treasury of Liu- IniLed States, 
Eonli-r the provision* of the uH urgunixirig the liir-f tuition and the 
uct of tfongreisH approved March tS, I8SW> and iiears intrtTst, at d i>tsr 
i^iiL per uminm* The interest uWe is employed iiMiirryiuji out the 
Eiiuis of the instituliori, llu* Ltagents hold ivrtoiu approved railroad 
InnuK in addition to tin* |wrtuuiient fund, which form part of the fund 
established In Mr. Hodgkins for investigutiuns into tin* pro|H'nirs of 
atmospheric air. 

The Institution wife rimiged by rmignss, during the fiscal year »>f 
IfHti* with the disbursement of the ftilimving appropriations: 


l[iU»nialLiJluil Elt-tutnjps*, ftniilhft hiizlii IIjs-tLtLLli■ ■ Ife ....--$24,000 

Ameru un Kthm >Seftv, ^jiiHhisontim Invitation. ........... - . -- _, .. WUMXi 

Afftn>phjxiiiil *Hwrvfll.iTj', SmitWmtnn Iiuaituttnn - . ---. — 12.o*?l 

United Bialik National MnM!ium 

unit UitmtS- .......-., - -.M s r 000 

Ih-atmu ftini . ... ‘Atxiu 

t'nwrvation of cotbetlans . ... .. — —....... 180*006 

Fim k luuii k rif tpedanttiu*, ^^.-- — L*MXN) 

PoflUi^c.... . ..... .......... —-500 

Boekn..........................- 2,000 

Kent m| vfarhhop^#..*^^-^-.. s, f*Ki 

Re|wirH Ihi bTiSItl — --«....- - .* - * - 27 p ff0O 

i initrrVf?' - - - —....... . ..... h r 000 

Printing . . ----- it t 000 

- 'MKIVO 

. . . I'jirlt . -----...... SOpOOd 


Total....- - -- ......... 

lust i mutes were forwarded as usual! tes the Set-retail of the Trees - 


my for carrying mi the Govcrninont'S interests under charge of 
thv Smrthsohiflii luBtifution for the year cuidirig June :i*j, J3MJ3, 
'Hie Following table shows t Lt? rstiiimii^ atial ihr sums reaper lively 
appropriated; 
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Af^t^rk 

tinti*. 


tuuiniHili mat Kk* , 1*c31p‘!' ■ < - - ■ ■ .- . ■■ 

Amertrun - , . . 

.wmi^h jifi , ii] m^'rvidi^ ■ ■ 

SiiIuimI Um^ttcu: 

J-'EtrCiLEUfi- ttFinJ N X .- ■ ■ -"’■’■■■ 

Shutting ftiml LltfhlNw- . . 

l^CT-TVfttlDll Hi M'lhl rh lELfc _ , 

Hmt'luLM' i*l ►iw*'im !"Ti" ■.- 

$bXlL».— 1, "‘ 

ftcptln trt tfliilrtlHK- 

t;« n[ nf mi-rlitlu j|h —..-. ”-■ 1 

r^iikL-r'- ------- 

rtunH r. ir , 1 .1. EI ’ Lon nl I. ri L- n « . H dll 111 i Fli' - 
I ■untriJjtltiuLi- fn-itu SaI [/MulI M tlsa'lilia ir.n-Hl.lll. 

RWMne-.- ——.-.... ■. Jr " 

. . mil &.* ftA.- ■ ■ .—. *+« 'v*': 

AijiiAniitti — + .. - i J 1 ' 

Eh-phurti liatwr. . . 


a f^ii. i J «t 
iJO.MKl 
S&.Ottl 


BO.floe 

IJl.lJLV 


. t* p BW 

JptKL 

i k.fhVi 

IN-.fiHHl* 

j a^flDu 

lKJ,Ui(l 

' '.Ti.MIh 


.| F». 

« r M» 

Ift.iM.NL 

irp r oot' 

I.-wo 

■Ih^PI 

“djll 

.y^i 

5,0® 






_rtti.iK-h 

1 — 

imuou 


.. 2.1, fM» 

j 1 T t' — - - J - 

.. J0,0® 

tn.idii 


ToiiL 


. 1M, iHO i 

A-TT. >*' 


&\,m 


IWU® 

iTi m 


-s.rt ludnJiuii mitBiuorf *pflo™i™lttoi *i$ t*<* 

liESKAIil II. 

It wus ft part of the origin*! pint. of tiu* Imftitutbm tki il* S*iviary 

should not give lit* ti.. t» administrative duties. |,ut !ill,,,lW » 

a student of tttum directly old In it, ^icuti% inv 
Kewon-li work in various fields of ha, emiinnunL h > 

dw Institution and Us dqmnde..c1<». The Salary has ■Ijd***« 
progress toward tin- solution of the prohtou *d meoltamcul tM'»- 111 « 
L*Wh carrying on, with the consent of the Ro««„t, f *»«.■ ^P«v 
m(? nto for Lin- WurlVpnrtnieiit, *t ti, i*pen*VM»d t- uiUlmg"Hier 
Mwiinionli', partiv m tin- os pens* of the Institution. In th« Ahm- 
tdiwlcal OtMorrmory Hr bn* ivtiftiuod work la-hoved to >■- l ™P® r,Jl, >J* 
md inauipintad*>ino cupflrimwit* of imvcl inu-r,-,i, which «r« referred 

^Through the Museum and tin- Hurwtn of Ahn-neim Ethnology the 
In-tiluiion ha, Wn enabled Vo carry «n varum, InoIngimUnd ethno* 
L-hni mwurcht*, width wilt 1* found fully d®ml*d *•«■«« w 
this import and nml not he repeated here- 

UOD&tlX* FUSn. 

In connection with He- udiuimstration of the llndjfkiiw fund, jHvpcw 

recording (he adva.e-e of ialists along various utomiii* ti«e, of 

jhvesti^ition have In-hi HUhmitWd, some of wlm h me now m eom-se 
uf piiliHaitiofi. _ __ 

“I B.M -ri^rth^rl.i, iu rbj-*i«»lsdea^wd pte- 

/ ^ Mriiirfi.l iwnimav U .U-vrfopwt for puMtaal- n Jti th« 

SSSSTiUSS - .i - »«‘«i *-»r «. ««i.» 
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The report of the research on thespectrum conducted by Dr. Victor 
Schumann, of Leipzig, has received extensive addition* during the year, 
notably through a detailed description of the ingenious apparatus used 
In his work. This supplement ia accompanied l>v illustrations which 
appear now for the first time, although Dr* Schumann Ilelh hewn author¬ 
ized to itiijioiirico in tile sc ionti tie jimmul* of hi* own country the dis¬ 
coveries made in tin* nnurae of Ids experiment*. at the stime lime 
notifying tin- institution of bis progress. 

A second gtiint on lefanlf of Dr. Scblinmrm has lieen approved dnr 
iug the year, unit it is interesting lo know thnt I Inrviml [University, 
recognising the value of hi* work, lm* also awarded him u grunt. The 
new Physical Institute of the Royal Academy of .Seicruus in Leipzig 
has likewise aided tiiis research hv placing laboratory room at the dls* 
posnl of Dr. Sehumann. who. it is hoped, will lie able in the near 
future to secure still more complete result* from his puimitakEug 
experiments in vacuum s[k-ci msi-opy. 

The memoir by Dr. Curl Bums, mentioned m my lost report as In 
course of publication, has been issued during the rear as rart of Vol¬ 
ume XXIX, Smithsonian Contributions to Knowledge, It describes 
experiments with ionized air iiegun by Dr, Bams some years since 
und recently prosecuted nmleru Hodgkins grunt from the Institution, 
The research was tributary loan investigation of the colors of ,| 0 mlv 
condensation. Isml Rayleigh’s famous theory, if applied, would stop 
m the deep reds of the first order, terminating iti opaque, whereas in 
Lhe luluinitnry experiment* exceptionuHy brilliant colors, extending 
almost into the third order »f Newton's series, may lx? produced. It 
was thus essential us a preliminary step to investigate appropriate 
means for the production of nuclei, to determine their number per 
cubic eon time ter, their velocity, their association with ion Lot tin a. the 
effect of the pressure of an electric field, etc. This was the general 
tread of the experiments bv Dr, Barus, The endeavor wan uiude with 
tho aid of the condensation tube to show that the mu-leu* bssaspecitic 
Velocity of it* own, and that this is retained even in the absence of an 
electrie Held. The application of this principle to plate, tu tubular, 
mid to spherical condensers lends, in every ease and in spit., of the 
variation i.f method, tn an order of value* as to the number of parti- 
ele* in in-tinii. agreeing w ith the data obtained by other investigators 
from different experiments and theoretically different fwinLs of view. 

A second grant has boon approved oh Ixihnlf of hr. Hums und a 
new memoir on the structure of the nucleus, detailing experiments 
subsequent to those described in the volume just published Is s„ ull t „ 
bo submittal by him* 

The experiments in air resistance by Mr. C, Canovetti, referred to 
m the Secretary’s last rejx>rt, which were begun at Brescia, Italy, of 
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which ritj be was sit that time engineer i ei chief f have been continued 
in Italy, where by menu* of tut ingenious apparatus lie hm prosecuted 
ti research which luis been reported u|niii in detail, with illustration* 
accompanied by tables giving the numerical ivgutte attained, After 
compliance with the m|UeHtof the Institution in regard to submitting 
Ids report, a second moderate grant was approved on behalf of Mr. 
Gumvctti iri March nf this year. A import of the results <if the 
experiments under this second graiat U now n waited* 

Dr. von IrfwdejifidiL of the University of I Vague. who hm been 
added by si grant from the Hodgkins fund, reports that his studies are 
now sufficiently advanced to enable 1dm to begin the preparation of 
his manuscript for puidicaljiMt. Telephotography bars been extensively 
siud successfully used in ibis research, and the summary L-f work 
already submitted is accompanied by interesting illustrations* 

A monograph cm I Halving the results of the completed research* 
which will lie published Inter, will present tin iinammicul uad physio¬ 
logical study of bisects, the lower vertebrate* i Kxnctctus. Draco, 
etc.). birds, mammals \ Petsiurus, l hdcopitUrucLs. etc.)? JLIfc d will treat 
of the polygeneth development'of the organa of flight in animals. 
The physical properties of the air, wiml velocities, resistance, etc., 
will lie considered* and it w hoped that the publication will not only 
prove of general interest hut will heroine u vidmihb work of reference 
for students. 

Dr* Many, of the French Institute, mentioned in my Iasi report as 
buying been awarded u grant from the Hodgkins fund, i* still contin¬ 
uing bis most interesting experiment*. The application of metro- 
photogmpliy and chrDnopbotngmpby in this iiivestigation has lawn 
desicrilMHl by I>r + Maroy in a ]stiper of such general value that it wa> 
published in the upland Lx to the report of tlm Secretary for llml* hi 
this edition of the paper are included copies of special and interesting 
photographs which have been forwarded to the Institution by Dr. 
Mu rev. 

The research into the nature of vowels by Prof* Louis Bevier, of 
Kutgera College, has Ijeen reported on through * scries of published 
art teles* transmitted by the author to'the Institution, which record 
in detail the results thus far obtained. The investigation i> still in 
progrthe vowel series from a to u being now under analysis and 
discussion* 

During this year ei grant has ho$n approved on behalf of Mr. K + {\ 
llidfaker for 1 hi* const ruction and practical application of u device 
lutended to produce n uniform and measured How of air through ti 
tube of any desired diameter. 

This a p| status is primarily designed for use in connection with 
investigations in the line of biology, and ii has already been applied 
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to exact experiments in the development of the embryo in thrrgg. 

It is hoped that by meau&of thl* invention facts may be established 
which will prove of practical value. 

The uiideortdflgh'ut invealigatlon hi connectiofi with air uiirjeTitfi at 
varying altitudes, heretofore reamed on as conducted by Mr, A. Lu 
Rotcb at Blue ]lilt Meteorological Observatory, have ln 3 en supple- 
nieitied rtiis yesr hy n series of experiments on the Sift and drift of 
the wind cm plane and carved surfaces. Mr. A. A. Merrill, who was 
recommended liy Mr* Botch fur this work, received a gmut from the 
Hodgkins fund and has from time to time reported the result of his 
experiments* 

The grant to the Journal of Ter res trial Magnetism and Atmospheric 
Electricity ha* been continued during the post year, a specified 
numW »pf i-optes of the Journal being sent out, as directed by the 
] init i|m ii m. to socialists and to educational establishment*. 

In May, likti, an application for a grant from the Hodgkins fund 
was made hv Prof, Morris \\\ Tmverw, of ("niversitv College, London, 
which, after the customary reference, examination, mid discussion* 
was approved in June of ibis year. Professor Travers has tiecn the 
colleague of Prof, William Utanitmy in his later researches upon the 
nire giuc# uf the atmosphere, and is now engaged in an investigation 
which will deal largely with the liquid properties of hydrogen* 

A summary of the progress of (his investigation, on behalf of which 
the final grant uf ibis year is approved, will find place in the next 
report. 

The difficulties in the way of submitting, during the progress of a 
researidi, a report which is even measurably satisfactory to an i lives- 
tlgutor, are nppn•ciatcd by the Secretary, whose duty it becomes, year 
by vi-ar* to record so far as |KJssible the ml van re of the investigations 
whirli the term* of the 1*e(|iiest allow him to aid by grant* from the 
Hodgkins fund. 

In November* UMH, a special committee. the members of which 
represented the dopirtments of biology, physics, ehennstry* geology s 
meteorology, astronomy, electricity* and anthropology, wag appointed 
to consider the award uf the Hodgkin* special modal, w hich, as stated 
tn tin- report for 18t*£* t is bestowed only for important contributions 
to the knowledge of the nature and properties of atmospheric air, or 
for original and practical applications of present knowledge To the 
welfare of mankind, tbu* complying not only with the terms of the 
Hodgkins Fund, but also furthering the expressed aim of the founder 
uf the Institution, 

As will be remembered* the first special Hodgkin* medal was awarded 
in l^aitciProf. James Dewar, of tbc Kuyti! Instiudionof <}reat Britain* 
Iti aeeorduiii'e with die recommendation of the committee the 
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present award is Hindu to Prof. J. -b Thomson. of Trinity t ollrgft, 
Qunbridge, Kngbutfl, mid is, brqwliy stated, for his investigations 
on the conductivity of gases, espeobily on the gases that enmiKim! 
atmospheric air* 

NAi'LES TAHI.S-L 

The lease by the Institution, for n third term of three years, of li 
table in the Naples ideological Station* which expired on the Juth of 
June. ItHJii, has been extended until the ft 1st of Decern I ier of the same 
year* Following this net ion. numerous applications for the Smith¬ 
sonian scat* which Imd necessarily been held | lending, were token up 
for contidcration. The question as to the renewal of the lease for 
another term of years is now receiving careful coii4d«]«t!ou, and will 
\w derided before the expiration of the present contract 

The Secretary visited the Naples Station during the summer and 
was phased with the investigations carried mi there. The Smith- 
suuiijn Institution, through its cooperation in this work, has been 
tnought in touch with many institutions of teaming in the l’idled 
States, but iL is to be hoped that it imiy receive f rom some ext mucous 
source the means of continuing this lease for the lamefit of all Ameri¬ 
can biologists, which if renewed must divert to thbnsoful lint extrane¬ 
ous purpose fuiuLs needed for ifibers. 

In Noveipber, llwl, Dr. C* W, Prentiss, tu .. la traveling Parker 

Fellowship had been awarded by Harvard I uiversity. applied for and 
received the appointment to the Smithson inn seat in the Naples Station 
for March. April, and May, UHJi. Being reappointed Parker Fellow 
while in residence at Naples* Dr. Prentiss naked for a prolongation of 

his term through the months of June and July. ..i»\i>akhle 

delay in replying to this request* mused by the uncertainty as to the 
extension of the liaise, not allowed lo work to the disadvantage of 
the applicant liy Dr. Dohrn, who kindly invited him to continue his 
oecU|)uiLey until a decision wn> reached by the Institution. 

Numerous other applicants were also, to my regret, kept iri uneer 
mint v in regard to their appointments, but all In nigh this fact finally 
brought three and even four Smithsonian appointee* to Naples at the 
sattui time, and for an extended period, they were sill courteously 
arranged for by the obliging director of the station. The details of 
these appointments will receive mention in the report for the coming 
Vciu\ to which they belong mid are accredited. It may bo added that 
numerous applications., for nods I*eyond the present extension of 
the lease, are now held for notion, awaiting a derision as to Us renewal. 

The Secretary desires to express again bis appreciation of the ready 
iusd efficient aid rendered lum year after year by the advisory com¬ 
mittee in the examination of credentials and in mxmimcndutioiw as to 
appointments. 
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ttM'UnUTlONS. 

The Institution I ms continued to cunj on various Iriotognail and 
ethnological exploitinns through the medium of the National Museum 
uml the Rtireau of American Ethnology* and hits also cooperated with 
tin- Executive Departments in these directions. The details of links! 
of those explorations urn given hi the paragraphs devoted to the sev¬ 
eral llUleilUS. 

rCIti.MUTtOKfi. 


In the publhji turns of the Institution tho double aim of its founder 
is n-presented that it should exist for £D tho ” increase " and (3> the 
44 diffusion “ of knowledge. 

The recording of results of original researches* the iwrt’ti* of 
knowledge, is chiefly through the scries of Contributions to Knowl¬ 
edge. a quarts work begun in 1*48* ami in which more than J4u valu¬ 
able memoirs, collected in 33 volumes, have so fur been published* 
To this series has liceh added during the year a memoir hy Dr- Carl 
1 hints giving the results of his experiments in ionized air, the investi¬ 
gation having Ixmh aided by n grant from the Hodgkins fund, ils 
merit hmed a hove. 


I he iirst edition of one of the memoirs of Contribution** published 
in isni. showing the results of (1m Secretary's exjH-n meals in m-ro- 
dynamies. having hm-rome exhausted, a second edition has Ijecn printed 
from the stereotype plates* with a few additional observations* 

To the series of Misitdluneous Co! ha t ions, in octavo form* have 
la-en added n List of Observatories* a work on the Literature of 
Manganese, and an Index to the Literature of the Spctlro^cope, 

The (kmlvi but ions and MisrellaisE-ons Collections* being printed at 
the expense of the Smithson inn income, are necessarily published ia 
limited editions of ! ,fjrtO ropies, which ale distributed els wide! y as pos¬ 
sible to She larger libraries and institutions of the world. The total 
distribution of these during the year was 11,045 volumes and memoirs, 
The Smithsonian Report is the only publication issued in large nuin- 
liers, the edi ion lieitigat present about HjDiHt copies, T,0fH)of which 
are placed at thcdisposal of the Institution* the remaining Jijhiu l^iug 
distributed by Congress or to depodritoriteB desigiuited by law. This 
work is published at the expense of the Government and has come to 
Im in such great popular demand that Hie entire edition of the KMhi 
riqmrt. of which the general distribution was made in Otolnu* HNiJ. 

exhausted in a few months, even liofbre the Ilin| report could 
la 1 made ready for the printer. 

The volume i* primarily a Report of the Ikmd of Regents to Con- 
gifeis concerning thcojK Tut ions and expenditures during the rear and 
Sim lude. the i Weeding* of the Regents' meeting in January of Uch 
year, the financial re|>ort of the executive committee, the Ve-wn of 
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t Ik- Secretary, giving mi account of the year*# work, and a general 
appendix. IM appendix, however, forms u distinct and popular |*art 
of the work and is one of the principal met Inals employed h y tin* 
[natilutimi lit the dtjftwimi of knowledge. In the appendix ate pub¬ 
lished a largo number sometimes as ninny its . r *0- -papers of public 
intercet* 

The Scerotiuy has said elsewhere: ""These paper* have u purpose 
distinct from any others published Iry the Institution. They are only 
is ^ioimll v original contributions to science* They are not for the 
professional reader only, or even chiefly, but they are addressed So that 
Urge body of the public which Inis u general interest in scienrilir mat 
(Vr> without special knowledge. While it is always a mximmendation 
that they should have been written hy m^ngimcd authorities, yet this k 
of minor importance if the articled are sound expnsitioifot of the sub¬ 
ject, The essentia] thing is that they should lie not only sound and 
instructive* hut timely anil interesting to the nonprofesafonul reader, 
and in that good sense popular. If they are accompanied liy ill ust ra¬ 
tions, all the better. As they are hi tern led to serve jus a kind of 
popular survey of the whole lie Id of the sciences, both physical and 
biological t for the current year, it is, ns a rule, impracticable to print 
more than one paper on any ptrliriilar subject." 

A portion of the edition of the report is distributed in llie form of 
pamphlets of individual paper#, and when? nay of these are of 
particular interest additional copies are printed at the expense of the 
Institution, nf the i!NU report -KLTen tuples of separate [rtLjjor* have 
thus I asm ordered fur special distribution, 

Ii Is imi^^ibl'. 1 to meet the great demand from individual* for the 
repo ts, inure than fi.Oi'Nl copies being roqtiimito supply a selected list 
of libraries and institutions of learning, to which the work has lieeu 
regularly sent for many years. The total distribution of volume* or 
separate purls of report* during the post tirgcul year aggregated 
44MHIK." 

This publication, then, is distributed not only to u large number of 
libraries throughout the world, but it h also addressed tons many as 
possible of the hundreds of individual applicants of all classic who 
s^eru eager to learn of the worldV advance in the several branches of 
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knowledge. It is by thiuju report#, which are in si good sense ]>opfcdai\ 
tis welt us hy its original scientific works, that the Institution grown 
each year letter known ;ts ciiic of those whose iufhientt 1 for good is 
limbed Hy no boundary* hut, ns its motto declares, goes ^throughout 
the world.” hi this (he Secretary has for some years jmst imitated 
the action of his honored predecessor. Henry, in giving u great deal 
of Ids personal attention to its editorship* with a view to making it of 
more popular interest. and he has Wn gratified at the large demand 
just referred to. with which the result of bis Labors IniT- tieen met. 

In addition to the preceding publications by the Institution proper* 
a nmsiileitdde number of works, chiefly on biological topics* have 
been added to I In- Museum series, 

Of the publications of the Bureau of American Ethnology, the 
second part of the Eighteenth Report for flic fiscii) year 1306-4H 
was distributed* also the separate papers of the Nineteenth Report 
for 18PT-1ML The manuscript* of the Twentieth, Twenty-first* and 
T wanly siteond Reports for I he years ] stu; i to pin] were transmittod 
to the printer during (he Iasi half of the fiscal year. 

Mention may also he made of ti special edition of Volume I of the 
Annals of the Astrophysicul Observatory, reprinted from u Henate 
document of which it formed a part. This doriiinent^ insisted of n 
volume of 33H pages and -14 plato, submitted to Cnngre ss in rpsj'joiLHc 
to the following item in the sundry civil art of March R, iwl: That 
the Secretary of the Smithsonian Institution is dimpled to report to 
Congress on the first day of the next regular session an entire 
account i Nf all appropriations heretofore expended by the Astro- 
physteal Observatory, what results have been n ached, and what is 
the present condition of the work of said Ol*iervatory l r 

The Secretary during the year transmitted to ( \ ingress the Annual 
RejKirt of the A median Historical Association for the vear |lhh # 3L nd 
also the Fourth Report of the National Society of (he Daughters of 
the American Revolution. The Institution has no share in the dis¬ 
tribution of the latter report, only the ‘"usual"* document number 
(l,i>K2) being printed. Of the Historical Reports tt limited Mumkr, 
beginning with the IBtH report* have been tit the disposal of the Itisli 
tut Mm for ilfetributioa to the larger historical societies of the world 
in exchange for their pnhiirations, 

LTHitAlET. 

Till- uvressioD* tothp Simthwniitiidc'posfii \» tb« Library of Compress 
during tht* ve*r were l,rt78 volunji^, 2n,tf34 pnrts of volume* 2 73 a 
pnmphlfSts, and 414 dun*, ur ;i total of extending the irtwidoi, 

uuinlH'r* to 44 :1,533. The libraries of the Secretary’- offiw. and „f 

,r . . So. 00. FS%-wventh Coograa, 



R£ftJf(T OF TfIK SEC KET A k V. 


IS 


the AaLrophyaicaJ Observatory were also mereaseil by 4W volumes 
imil S^SfiT [turfs i if volumes. 

A very complete ftnt] valuable collection of lHH*ks siiirl pamphlets 
relilting to Napoleon Hi>mi}mrt£ has Ijeen presented to the Institution 
by f it fc n. John Watts lie (Vysler, mill will be known iis the ,h Watts dft 
IVyjjter Collection, Napoleon Boimpoirte/ 1 ' The volumes in this 

series are from many i>01111 tries and in many languages, 

Tht k Snmhsonian Art Room, placed in general chnrgiiof the librarian, 
has been made all motive hy a rear range ment of the cnees containing 
the viiJuahlr i L ngnivings and hooks on art belonging to the Institution, 
tmd stops have Ihm i ti taken fur exhibiting a reproduction of the Parthe¬ 
non frieze around the entire room, 

Several years ago flu? Secretary organized hii employoea' library, 
which has proved to he very popular, and 11 branch has been cstab] ished 
in the National Zoological Park, 

The aoi-osskms to the National Mutuum Library went book*, 

pamphlets, and periodicals, Its crowded condition has fatten relieved 
by t hi- addition of galleries, making a total floor space of £,&+£ wpinre 
foot. Thirty sectional libraries are established in the departments of 
the Museum, thus making readily neoeagiblr to those in charge of the 
several branches of scientific research the books directly pertaining 
lo their work, while the administration of these see tin mil libraries is 
under the control of the Museum librarian. 

Since the Si a: rebuy's last report, considerable work has I Maui done 
in the maintenance of the IntnrnaticMmH T atal»guiM>f Scientific Liter* 
attire, eiii alloum-nr from the Institution's fund permit ting the estab¬ 
lishment of u regional bureau. An animal appropriation of about 
$ 14 )jhHJ is needed for the I nitird States Regional Bureau, and it is 
hoped that Congress may provide such an amount for the luwtuplish- 
memt of this undertaking^ so important to every branch of scientific 
learning, a work that no single institution could he expected to carry 
forward. The importance of the catalogue and the moihods of its 
preparation have Wn fully explained in previous report 

<Xiltn^lMWnRMTE. 

Though the eonwpondencr of the Institution hits increased during 
the year, it has been promptly dispatched ami the routine is not in 
arrears. This rom^pondence embraces not only eomimiTil nit ions 
referring to the work of the Institution proper, hut also to the National 
Museum,the International Exchanges, the Bureau of American Ethnol¬ 
ogy, the National Zoological Park, and the A strophyaical Observatory. 
Such matters as require the pgraon&l attention of the Secretary, or 
relate to the business of the parent Institution are retained iu the 
Institution, while comm 11 ninations relating to the work of the bureaus 
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are reform! lo Lhe proper ■ for ra^imiicmlaTio-u* to tin 1 S*ero- 

tiiry or for direct reply* 

The system of recording and distributing letters has licen unchanged 
since tft 90 , except 111 si few unimportant particulars, Kvcry letter 
receives a reply. which I* scut us promptly a> the drcumsiam?rs rimy 
allow. The mutters of impiiry are ] perhaps more varied and embrace 
a wider range of topics than obtains In Esther departments of the Gov¬ 
ernment, A register i> kept of such letters m Eire of importance, lit 
which is noted in each iiLstutiGU the dote of the lottery ils subject, the 
official tn whom referred for attention* the date of reply, and the place 
of tiling. The letters are tiled alphabetically, with a notation of each 
on a card catalogue, giving u brief synopsis of its contents. The 
papers relating to certain special matters are kept separately in a 
series of smaller file boxes. 

In preparing the rom^pmidcm'o involved in the distribution of pub¬ 
licationsmuch lulMhj- is saved by the owe of printed mailing nirda, often 
requiring only the insertion of the name and address of the person for 
whom intended. 

The correspondence relating to civil-service matters baa grown 
steadily since the bureaus of the Institution were placed under the 
operation of the civil-service law in I -Si m, mid a separate series of 
press-copy lawks and a separate file of letters relating to such matters 
art' kept, as well as a -jnvieiI tile for the reception of paper* not relating 
directly to the perkuttnel of the several hu realty. 


KxisisrnoNS. 


Jitijfaftt anti f f A#rfr#ton rjytnxhnw#*- The Institution and Its bureau* 
participated in the PamAiiKiriuftn Exposition held at Buffalo from May 
1 to November J, 1 bl, nnd by authority of the Preaidant the exhibit* 
there display .si were transferred to the South Carolina Interstate anti 
Wi-i+t Indian Exposition held at Charleston front December 1. 1 S^it^ 
to May 31 t m± Hr. F. \\\ True, of the National Museum, was 
<ip]KHhted by tho Secretary to represent tto Institution on tin- Ixmrd 
inrhargeof tin* Ciovenmunit exhibits :it lwtli tiieso expcwitmim. n n j 
his report on tin- ItiilTiilu Exposilimi will In- fniiml in I hr A|)|H»iiilix. 

Lnmiatui fStrc/ut*' A^/W/Aw.—Congmu tiuving inode an appro, 
printion for n (.lovurnmeiit building titid exhibit sit the exposition to 
held Sri St. Louis in ItNH, the Swretary hii> appointed Or. Tnn- to 
represent tin- Institution and it* bureau* in the prepare! bn U nd 
iiistnllutam of the exhibits. 


Baird etui™. Several pniibm* having pwoente-l to ihe 

at Its tout SX&S ion fur the erection of a statue to Prof. Spencer 
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F. JkiiiL the second Secretary of this huditutiom mid uti eminent 
naturalist* le seemi* proper to recall that a hill wa* mtxrdiieed in the 
Senate <m Decatihcr IS* 1887* by Senator Morrill appropriating the 

sum of .. for ji statue in bronze of Professor Baird. The bill 

w:ls referred to the Senate Committee on Pul die Buildings mid 
(iron]nls* from which it w p n* rejHjrted on Jleremlh'r m 2\ of the siiim- 
yrjir, imd pit ted hi tin- Senate an February IK 3 vvss. i Mi February l*i 
it was referred to Lin* House Committee on lln- IJbrjtn , from which 
it failed of report, 

Seuiitor Morrill uftiinvjii'ds re[N>r£td for the Com mi Urn on Public 
Buildings rind Grounds hex amendment to the sundry dvil bill for 1 K[>o 4 
appropriating the sum above mentioned fertile erection of the statue. 
The amendment wit- referred to the Senate Appropriation* Commit¬ 
tee, bin vvsl'- not mrludrd in the bill as reported from the committee. 

The Si -e rotai ry railed uilimlimi to I lie matter in his njiorts for the 
years 1**1', ismu 1MU, 1^*2, mid lsi'1, where cJi■ ltii|>e wa> expiv-'’id 
1 hLi 1 the bill would roeeive favomldu eonsidemtion* 

Xrflttmirf **/' -Imwrietiit ftrL A hiLI having l .. introduced 

in Congress at its la-i session fur the construction of a nnlional gtil- 
lerv of urt, the attention of Senator Penrose* who presented the hi IT 
vnis trilled to the fact Lhui section SoWH of I he Revised Statutes spinel- 
Ih-.s among other things that whenever suitable arrangements can he 
made from time to time fur their reception, all objects of art belong¬ 
ing in the United Stales shall be delivered to Midi persons ;i> may l»c 
authorized by the Board nf lieguate of the Smithsonian Institution to 
receive thenn and so arranged and classified in the building erected 
for the Institution as best to facilitate their exiruJnation and study. 
In compliance w ith this provision of law the Institution hm for many 
years maintained a collection of art objects, to which has been added 
from to time, by gift and purchase, paintings bronzes, etc,* though 
with its limited fund the acquisitions by purchase have not been 
numerous, It was suggested to Senator Pen rone tlmt should there Iks 
tiny likelihood uf the pissuge nf the bill the Smithsonian Institution.,, 
which has always concerned itself with tirt, would t>e the natural custo¬ 
dian of a national gallery. The hill is still pending, and will probably 
iconic lip for action during tin 1 next session of Congress, 

Internet Z*xJtHju<d i VmjrtSv. At the Fifth International Zoo¬ 
logical Congress held in Berlin, Germany* August I^ HL 1001* the 
Institution was represented by Pr + Leonhard Stej nege r T of the National 
Museum, who report* a* follow: 

The congress was opened on August 12* and la'ted until August 10, 
when the delegates and members adjourned to attend the reception 
given in their honor by the High Senate of Hamburg. It was in every 
respect a success One of the main factors of this sunless was the 
unexampled interest in the congress displayed by the Gernmh Govrni- 
ment. A large sum of money was placed at the tlhspoaitiou of the corn¬ 
el iHdB - 2 
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nuttce bv thrfiovortmient, mid the German Crown Prints* as the high 
protector of the congress, was only prevented fmin opening the coil■ 
gri^ Tm (jersuii by llit- death of his grandmother. the Empress Fried¬ 
rich, a few days previous, The congress :ilavishly entertained hv 
the ckiesof Berlin and Hamburg, as well a* by (in- Zoological Soeieiv 
of Iterlfcn. But the most extraordinary proof of the public interest in 
thct*mgn»*s was probably Hie facUlifiUhtf entireUeithsri^^efiLiudi 
the magriilivent house of the (human Thrlkiimmi. was plaetHhU its dis¬ 
position for ibc meetings lectures, etc. Thus nil the general ses*=ion$ 
were held m the great ' L PleitiirdtsiirigssnuP" of the Parliament. The 
Emperor himself, though prevented from receiving the members offi¬ 
cially on account of the death of his umther, took occasion to greet 
them informally. 

The more special object of my joining the congress was to lake 
part in the deliberation^ and decisions of the committee on zoological 
nomenclature, of which 1 had been elected a member at the congress 
in t \l mbridge in 189*. The work in this committee on nomenclature 
was, on I he whole, eminently satisfactory from the standpoint of 
American zoologists, though it was found mi possible to lav a draft for 
a cmnplGte c^ido for tin emigres at its Berlin meeting, " It is hoped 
that this will lie Licromplished at I In- next congress which is to be held 
lit Bern. Swittferliuid* hi ]JhS4. 


\ AI M tNAli MUSEUM. 

The Museum, established in the fundamental act creating the Smith¬ 
sonian Inslilutinn. grew up largely from its private collections, hut it 
is important to consider that now it bus grown into something which 
represents more nearly the large purpose of ( ongress in its foundation 
HMtl that it ts becoming a 44 National" Museum. It differs from most 
other museums in that its primary fund ion was held to lie not so much 
the entertainment ur instruction of the resident population as the 
preservation nod arrangement of the ml lections brought together by 
the Government of the United State-. These collections now out¬ 
number by some million-of specimens those which it has I teen possible 
to place upon exhibition in the prestud utterly inadequate quartera 
1 know (hat the wish of those in immediate charge of Ihc collections 
is that they may contribute, among other important ends, to establish 
not only n real eduratjonn! museum, but one which will interest not 
only the inhabitants of Washington, but the great numbers of Anieri- 
can citizens annually viaiting- tlni espial; but this is ini t H>ssiMe Mnrirr 
the present limitation* r,f sjmv and mean*, Tk*t?exhibition feature* 
Hnuu though not Ihti primary purpose of the mu seam, are for the r d„- 
ndum aiul interest of all Amertatu citizens, and a* nm*ssums i„ 
rliev require constant change and artful study to I,rim, them lot],,. 
oo.i.phduT.sior, of nil Amei'icunsof nil fttfM ft „d „[| ed„«,ti„„ 

Jim definition of at, education I must. uiude by the late J)r 

(,ood„ t ,« a collection qf well-written labels with nuvfullv elected 
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specimens attached/' brings forward tin? difficulty of tin 1 pri'i miration 
of such el museum, since to compress into a few sentences, in simple 
yet ei e c u rut f? language, comprehensive und interesting information 
concerning any specimen presupposes a depth of knowledge mid a 
facility in expression possessed by but few* This tusk of working 
upon and improving the education!)I features of the museum is never 
ending, and it should be so. for "n perfect museum is u Ji uhlicd 
museum, and a finished museum n lead museum." 

t'ollecholls placed Upon exhibition UlUst hecolislautly renewed, si IKK! 
they deteriorate hy the very exp^uit? to the light. The art of taxi' 
lien]iy. ninth ekIs of mstullntkm. the choice nf color* fsir Iwr-hgroimds, 
the stylo and form of labels nil of these fktnil% unnoticed by the casual 
visitor; matter* of emurtunt study to the expert—together form the 
w hole u jx n I wh it- li r it he r t ho pli -as*! nr or u up I ensa nt i u iprt ssl * >f is en r- 
ried el way by the visitor depend, but nil this is labor lost if they lire 
in sittiEit ions so e row Jed us to resemble storage rather than exhibit ion 
halk 

Excepting :Ls to improve)lie 11 L in thrsr details f the National Museum, 
so far as its exhibition hulls is rimcenmd t has reached its maximum 
deveImp)lient in 31 - ]ih■ - v nt \un rtr-r^. r lln■ S k cretary luv-, year after 
yoar t continued to call attention to the serious oveivrnwding uf the 
Museum, and in his report for hist year considered the question fully. 
He is plowed to In- able to state thru the spoebl appeals made to the 
last session of (’ emigres* by the com mil lee of the Urge (its resulted in 
the jmssngr id the following item; 

For the preparation, under the direction of the Secretary of the 
Smithsonian Institution, of preliminary plans for iin additional lire- 
proof *trc]-frame brick and terra cot la building, locust not exceed¬ 
ing One million five hundred thousand dollars, for the United Slates 
National Museum, to be erected when appropriated for, on the Mull, 
between Ninth and Twelfth streets west, said plans when completed 
to tie transmittal by the Secretary of the Stmmsonian Institution to 
Congress* tin- thousand dollars. 

And it is hoped that She erection of ji building may be authorised by 
i\u ■ next Congress, This is not the place to discuss the requirement* 
of sEichii building. In the ecu rse of the next sc^iem of (/ougrcaB h 
detailed statement will he laid la-fore that hotly indicating the needs, 
both for exhibition, Storage, hdH*mtorv. and lhe iimneroii' other 
Eiccossories w hich go to make up a great modern museum. Vast as 
have been the improvements in the erection of museums in the past 
twenty years, the ideal standard of building, in which nil the requisite 
features arc adequately provided for, hm not yet been created Jit uny 
country in the world. It can hardly be expected that the sum indi¬ 
cated in the above item would be sufficaeut to supply perfect interior 
arrangements for exhibition and working |mr|_Lose iq coupled with that 
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dignitv of exterior which has rtnue to U' tis^nated with the buildings 
erected hy the (jovomiucnt of the United States. 

The geerfitary has t ho wove r, frequently adverted to the fact that 
it is not bricks and mortar* nor. evou t ruses Kind specimens that 
make the mnsrtiun hut (mure important than these) the learning and 
cnihdsiasin of i fen ]]itvit whip bring together mid classify and describe 
these rullcctloitf. Of such mm there is an inadequate number, and 
all are Inadequately paid* While wages of laborers and mechanics 
and the cost of living to all men hnve advanced by leaps and bounds, 
the salaries <if the stud of the (iovcrmueiit* and more 

csp-rinllv of the X M use urn, have U> a great extent been kept at a 
stationary level. The increase in the number uf museums* I he increase 
in tin- mini I m- ref ml leges and tnuversitiea, tbo inernwtf in their endow¬ 
ments hlive all put a premium* as ll Here* iijkui the services of men of 
the first nmk, ami il is the real devotion of the Museum staff* and not 
the peeiiniarv reward which they have received, that has preserved 
to llLe Government the services of this distinguished. zealot!** anti 
effort! ve* hut wholly undeTpaiid body of mem 
The Iwjst of the scientific staff of the Museum arc retained not 
merely by the imsiffffshnuiM of their interest in science, but because 
they Him remain (lie re without ihe duties of tuition, which attach to 
higher salaries (hat they cun rmsivo in colleges, Hut they tan not 
hr expected to remain indefinitely when so much better tonus are 
Im lag daily held out to thorn elsewhere. 

The Sec retain has n^penteiHy drawn the attention of Cbugres* to 
the reef! of the Museum for an increase in the item under “preserva¬ 
tion of collect ions*' for the puvjHssc of making at least small advance* 
in the salaries of the staff* ami in the estimate* submitted this year be 
has deter ini ms] to sacrifice needed improvements in many directions 
with I lie hope that,on this single item, (.-ongrm* nray see its wav dear 
to approve his recommendation. 

To relieve the congestion in some of the must crowded exhibition 
halt*, and t<p permit the display of a few more of the objects taken 
from storage* I’engross authorized the eon si rind ion of galleries which 
have also Uh-h found well adapted as temporary laboratories hi 'sev¬ 
eral department*, and fur extension of the Museum library. 

The number of specimens rcechod during the year wti.H about 
4fpO,iM»^ mnking Use total number uf objects nearly five and a half mil¬ 
lion. The more important additions and gene ml details coneerning 
lie- several departments are given in un appendix in (lie report of the 
Assistant Secretary. 

M.7REAU i IF AMKttllJAN KTJINOI A KJY. 

Researches tin long the native A merieun tribe* tier® continued by 
the Bureau of Atiitwinm Ethnology, tinder the supervision of Map 
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J. W. Powell. Director, by means of the usnid Congressional 
print ion, the formal plan of operations lim ing been upprovwl by the 
Secretary of the Institution. 

The work of the Bureau lias related largely to a study of tile origin, 
physical and mental rhanuderistirs, arts and industries. fond supply, 
social and political institutions, religions, unil languages uf these tril«*s. 

A considerable share of attention has been given to distinctly prac¬ 
tical questions — relating to the ulwrigifies- to tribal distribution, to 
subsequent Movements and locations of the tribes, to the laws rein ting 
to their welfare and their relations to the Government, to treaties, to 
cessions and rwesffkniH uf territory. 

It him seemed desirable for many years t hut then* should lw urranged 
and pul dished in some methodical form an encyclopedia or dictionary 
of Indian tribes for which much material lias I wen m*ctwutluted, and 
wliich it ha* been in tended should present a uompletv account, uf them 
us grouped by linguistic stocks. This Is expected to prove of great 
service to Congress and to public men generally, as well as to institu¬ 
tions of 1 Riming, but in view of the time which this great work may 
la; expected to taka, the immediate preparation and publication of ft 
dictionary of ready reference to all that is most useful in the put 
work of the Bureau lias iicen determined upon as the most mwessnry 
publication and work of the Bureau in the immediate future. 

Field work urns conducted by the regular force uf die Bureau in 
Alaska. Arizona, California, and in several other States and rerrito- 
ries, as also in British Columbia, Mexico. Greenland, and in Porto 
Kioc, while useful information and material was obtained from corre¬ 
spondents and special collaborator*. Social attention was devoted to 
a study of those alKirigimil industries which appeared to bear practical 
relations to modern life, particularly to alwrigiltnl methods of house 
building and irrigation, and to food source* in those tropical ami arid 
regions that formerly sustained a population five to teji times larger 
than at the present day. A noteworthy investigation of alawiginal 
Industries was conducted in Porto Kino, and a special report of the 
native resources of that island is in preparation. 

A special study was made of a ceremony among tin 1 Pawtu-c I ndians 
embracing songs of interest in the development of music and poetry, 
and to early phases Ilf the drama, the memoir being accompli liofi by 

the primitive music .. rdeilby the aid of thiygraphopbone, and w ith 

photographs of movements and objects introduced in the ceremony. 

A notable collection of chipjwd implement.'.. teeth and lames of an 
extinct elephant, together with a remarkable series of teeth mid bones 
of tiic mastodon, besides remains of buffalo, deer, horse, and other 
animal* uf the historic period, was obtained from aspring in the north- 
eastern IntUin Territory* Theassis ifttiouof fossil remains with human 
implements was pimding until a critin.l examination by Mr. W. 11. 
Holmes, verified through the memory of an aged Indian chief , indicated 
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that tlu . 1 spring wii* a shrine at which aboriginal hunter* me [miniated 
votive tstirring*. 

Other researches were* curried on mid several publications were 
prepared, a* mentioned La detail in the Appendix. 

OSTEENATIONA L EXCHANGES, 

Tin- object^ and method* of the InternalIonal Exehango Service 
were so fvllly explained in the Seeretnry's re purl for last year tbit it 
seems unucressHry to again refer to them further than to say that the 
rien iee i> the mediuni of exclutnge tif the official publications of the 
United State# Government with the gov er mu ruts of the larger foreign 
powers of the world T und also the medium of exchange between the 
prineijud weieiitifie institutions and libraries of the world. 

The maintenance of the American branch of the service is now met 
in the main by Government appropriations* EltHnv_f]i the Smithsonian 
Institution continues to bear a considerable slum 1 of the expensed 
[hi ring the hist risen I year there was handled an aggregate of 
jvitekages. Weighing pounds, the package * sent aim rail 

nun die ring 87,1111 and those received from foreign countries 
The various classes uf exchanges and other detail* of I lie service are 
explained in detail in the report of the Acting Curator in the Apjwuidix* 
ft has king seemed desirable to establish more adctpiate exchange 
relations w[Hi Japan and China, huL efforts in that riirceliiai have so 
fur been without success. In Great llrituiD, Germany, and Austria* 
Hungary it is still necessary to employ salaried agents I o carry on the 
work, the <government# of those countries for various rea.se pus not yet 
having organized mtermitJooal exchange bureaus. 

Congress having miuk* a slight increase in the annual appropriation, 
it hits been possible to considerably improve the service by sending 
packages by fast express stcaiuers rather than by the slow lines, an 
advantage tTHicIi appreciated by all concerned, for In these days of 
rapid I m.ri*it. on sea and land the literary, scientific, and political world* 
as well us the business world, h mgr r tu [mrfcictpnte in all the advan¬ 
tage* of quick transportation. 

Five years ago, in lHUT, the total number of correspondents „ r pair- 
licipant* in the exchange sendee wn# 2H,uns. while the aggregate has 
now reached nddrasscsof libraries and individuals in Inlrmni- 

trie-H scattered all over the civilized world T even in some of the 
remotest corners of India, Asia. Australia, and Polynesia, 

The general kmetit of (he service to the scientific world can hardly 
be mftiaurnd. largely as a result of these international exchange# 
then- ha* m cumulate! in the Library of Congress a urn** of scientific 
uiul t ioverumerit publications that i# probably not surpassed any where* 
and which could scarcely have been secured in any other way. 
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NATION A L 7A M) U H l 11 XL PA UK. 

The iuifH 9 irttLcu ^ 1 nitd interest of the National Zoological I^urk. under 
tho care of the Regents, is cnnsluntly inin-using, ttjt 1 total number of 
run tors for the jiitst. ynir Iwdng estimated nt nearly n million, the mnn- 
\*c y on jingle ilnys living save ml times passed ftojNro. 

The Secretary lias in previous years m I kit the attention of the 
Regents to the want of ti ttoogressioiuil appropriation fur collecting 
arid preserving some of the great Ifrnd und marine specimens of our 
Western territory now rapidly approaching extinction* and be again 
urges the immediate need nf doing something* even on the smallest 
scale, before it is entirely ton late* lie hops tluil Congress may he 
uskrd to proride the means to mod these wants by tin? osluhlisbijiimt 
of at least two small ‘’Tfltknis or ranches in Alaska* omi in the interior, 
where itiav hi'seen red ^peeiuirns of the great umosc, the great hear, 

and other dixajppen ring tin Uno Is of tho land fminii; Hie father “ranch 
to be on the eoluft for the collection of the walrus, the sea otter, the 
great sea lb it of Strllor, mid other important vanishing murine specie** 

The iLitimnk in the Nutinmd Zoulogiral Park at the close of the fiscal 
year included atHi mammals, 232 birds* and 14a reptile*. The acces- 
aiowt uf Lhe year n tun he red el 4+ Mule than hall of these agressions 
were gifts to the (iovertinient. several of the most interesting animals 
having been seen ref I through the cooperation of l T mi ted States consuls 
and other official A tine specimen of griafcly hear* uUi *oim' ante- 
tope, doer, elk. awl eimiamois fh i srs were received from the Yellowstone 
National Park. 

The native game, everywhere plenty when the needs of the park 
wi re tirsi submitted to Congress, Inis grown so nearly mavcessdblc 
that only after yeareof effort hive there at Inst Imhhi procured a single 
young mule specimen of the great Kodiak hour amt two big horn or 
lintrky Mountain ptiuep. 

Tho principal improvement* to the [Mirk, menticined in detail in the 
report of the superintendent on n subsesjticiit page, inelude the corn- 
ph'ttou of the large living cage, an addition to the temporary bird 
hi nine. and an extension or completion of some of the roadways. 
Work was begun on u new elephant house for which Conpreft at its 
lust ge&wm made an appropriation of $KUKKL 

Among the present needs of the park, after that tor sei ut ing miiive 
imiue. aii- adequate provision for housing tropical mummuls, an aquu- 
nuuu it reptile house, an aviary for small lerrestriid lord-, and* for the 
wolves and foxes* which are now in temporary quarters, permanent 
jh'iis from which they may ha umhle to escape. 

There is no department of tho park in which the public* takes more 
interest than in the uquiirinin, for, n ut withstanding the imperfect char 
\idvt of the msluihition. the tanks being set up in a mere temporary 
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it in always frequented by visitor*. It would undoubtedly be 
detfinible to greatly extend and perfect tbi* collection. so that the pu!>- 
lic illicit uiore I'ompletely realize the multifarious living forms that 
are found in tho waters about our musts, as well ei." in our rivers mid 
hikes. In order to do this properly a suitable building should Ho 
provided and fitted with permanent tanks, heating and refrigerating 
apparatus, and open pools. 

Tho educational value of an exhibit of this character would uiupies- 
t humbly Ho very great. Land animals are more commonly seen* and 
therefore do not excite the wonder that do those creature* that five in 
Ein element by which they are most wholly screened from view. The 
life of the waters is therefore always extremely interest!njr and sur¬ 
prising. 

A zoological collection, viewed in its widest extent, van not he said 
to lie eomplete while failing to exhibit so huge and important a portion 
of the zoological domain. The Hblugictil sciences are becoming more 
and more Studied in our .-*diooL*, mid iti' w r ell known that the simpler 
forms of invertebrates are Extremely important ei> sin ini reduction to 
the knowledge of higher forms. Classes from the schools of this city 
mid elsewhere often visit the jmrk and Hud great profit in the aquarium 
exhibit *im its present incomplete state. It is hoped that < Vmgress 
limy grant funds for establish tog in the pick mi aquarium on u proper 
nestle. 

The park is full]ding suees-:fully the objects for whirli Coiigre^ <■ re¬ 
nted it, "The advancement oftudence mid the instruction and recreation 
of the jjeopte.” It never l»o been ^o sinve.-sfid in Ihese as it is Ut duv. 

THE ASTEC)FH7SH Al, <>BSEUVATOEtV- 

In appropriating in the sundry civil net, approved March Iflol. 
the Hinn of ftl^OOO for the run inlet in nee of the Astrnjahysieal t Wwrvii- 
tory, under the control of tin- Smithsonian Institution* during the 
fiscal year ending June 30 t Uw© t rojigress added the following words; 

That The Secretary of the Sinithsnniiin Institution is directed |o 
report to Congress on the firsl day of the next regular Session mi ieitire 
aieeonrjt nf all uppropriatioEJH heretofore eX|Hunfcd by the Astrnphvs- 
intl OHseri jLintry* what results have been midird* and tv hut is the 
present condition of the work of said ObserviUorv. 

In response to this reqnirermuir tho BocreUry imbmltted a report 
embracing (1) mi entire nemunt of all appropriation* heretofore 
Expended hy the A^trophysieal OlM-rvntoiy, id| a statement of lb.- 
resnlts which Have bran reached* mid {Hj the present enndiUoii of the 
work of said Observatory, mid including as a part nf U the fir-s vol- 
Uine of its Annuls. This report was aeci>m]*anied bv letter., from Sir 
Itohu t Bull. Sir William Huggins, Lord Kelvin, Sir Norman Urkycr, 
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bind Rayleigh, Sir boor ge Stokes and other eminent foreign. . of 

science, whose appreciation could not be charged with Inking influenced 
by national prejudice, ad well us hy equally disinterested American 
ones, all showing u very gratifying appro tut ion of the work of the 
Oh>crvatory by those bc.-t ^im]N-toiit to judge its mcrtis. 

Thu principal work of the A^rophyricul Observatoiy during the 
]> 3 ist year hiv§ continued to 1»" the study of tin* sun and its radiation. 
While fully acknowledging the interesting nature «sf astrophysics! 
investigation of the stars and liebtihv, the study of the sim has a far 
superior practical importance. for were the former bodies to hr wholly 
blotted out they would be missed chiefly as objects of scu-ntllic inter¬ 
est, while with (lit- sun would be abolished life ii^etf. 1 he solar 
researches i>f the past year have mainly been concerned with deter¬ 
mining the amount and nature of the absorption of so tot 1 mdiatinn in 
the earth's atmosphere and in the solar envelop*', I hese n'senivbe* 
are pi^liniiiuur to mid fonn :lii i-ssciUial pirt of the inrOHiiremeiit of 
the total nidiation of the sun. A presumption exists, idmiM amount¬ 
ing to certainty* that the total radiation of i!n j sun in variable in some 
relation to the appearance of sun spots* but nothing is yet known to 
dull tritely fl\ the amount of this supposed variability or to measure 
its i (feet 1 1 {Kin the earth, though that effect* if so rixed. nm not but be 
oi" interest to every inhabitant of Hue earth * surface. 

The instrumental means, which thus have been the subject of inces¬ 
sant study and improvement here during the pist ten years, fur inves¬ 
tigating 7 , tn - 11 questions, are more « ■ eH «■ ii -1 a t than at any prevent lime* 
U will be seen from the detailed report of tile aid acting in charge tliait 
automatic iKriometric curves accurately representative id the amount 
and distribution of the solar energy at the oiwerver s station tuny now 
be obtained in a few minutes, covering nearly the whole spectral region 
which reaches sea level* and where occurs much of the great and 
varying absorption by water vapor which inducing our terrestrial 
temperature* >0 greatly* 

Some twenty veals ago the writer invented a thimnew instrument 
for measuring minute quantities of heal, for, owing to circuiiistiiiue'. 
which this is not the place to detail an accurate determination of the 
ppsaitde variation in the enormous quantities of heat which the sun 
sends tin? earth depends (paradoximllyj upon the ability to measure 
smaller quantities of heat than the most delicate thermometer nm 
possibly do. The 4 ^Kilu«ieter,” the instrument of the writer's ] riven- 
tium which IK in i|tK*tion, waMible to nuwiire the then unheard of 
quantity of somewhat more: than one mie-hundred-thousandth of a 
degree. Since then, during fifteen years of constant advance* latterly 
associated with a great improvement of the adjuncts, particularly of 
the galvonoaiieti 1 ^ 31 L the hands of Mr, Abbot* this lists lieen bi ought 
In measure somewhat less than one one-hiiiidivd-inillionth of a degree, 
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and tikis almost hifinitesiiiml amount is di*tmgn island with readiness 
nut] precision. It is this incrmsod precision which is a^m-iatod ^ iTh 
all tin? improvements in the work of the year here dmrribed. 

It is tin. 1 variability of the absorption of our air which now offers 
the greatest diliii-Lilty to the work. The Secretary rberishes tbi- hope 
Umt u solar observatory will othi (lay hr establish^! high in n clear am l 
dry air* whose chief aim shall he to s*lvr tin- qursiimis *>( eI n- amount 
of radiation of th« ! sum the changes ill this total amount h and the eoro 
sequences of such changes on the earth. 

The interest of this solar study in preulinr among all the subject* of 
astronomical research, for it is not only a scientific but u utilitarian 

interest of mvh high importance that it Inin uniting i[> re.. pnssi hill- 

ties the forecasting of the coming seasons and harvests, undof condition* 
immediately practical. from thuw which affect the price of the laborer* 
dinner up to thi ksi- which t to use the weighty words < ( f 1 Y- -w- -r New¬ 
comb, may bring to light not merely interesting it i>micul pmx K c**es, hut 
u cosniica1 processes pregnant with the destiny of our merv 1 

in connection with these resea re ins it has proved necessary to 
obtain a large solar image us free a-* possible from defeeis of definition 
and unequal absorption, t hie of the most formidable of those tic frets 
is that whieli oat 101 it>mer* iit11 *’ I hj!I ing."' This colts 1st* of an a\ j fsate11 1 
wavy -ililiI rolling motion over the image, am! is due to moiuentary 
differences of density of the air in the jjath of the beam. U lias 
hitherto born sought (with little effecti lo control this by keeping the 
air in the tube us still as possible* 

1 am much interested in a new plan which [ hare myself proposed, 
that of thoroughly and incessantly stirring this air rohiimt even while 
the rays forming the telescopic image are [Missing through it, lids 
exjiorimciit nf stirring the air Inis been tried during ilic past few 
mouths ut the Observatory, and has resulted in the disco very that by 
vigorously churning the column of uir traversed by the solar beam 
from ft point ulunit uO feet allow the apparatus to the point where the 
image is formed, the [amidom-al result is reached that this image itself 
becomes nearly tmnquiU and that lliu^ the “ Willing'* can he m-arlv 
all eliminated. It is hoped that this very important observation will 
prove useful to astronomers generally. 

For detail* of the work of the OljwcmiUiry, itieltidmg man\ r inter¬ 
esting subject* in addition to those I have mentioned, the render is 
referred to the report of the aid m ting in charge, which ujq>etn> in 
the Appendix. 

NECEOLOGY, 

The Institution has lost by death its presiding officer, ex officio, 
William McKinley, President of the I nited States. The life and 
work of that honored and cmUiem man and the tragic circum*tuntes 
of hi> death ore in all mind* and they need not be repeated hen;. 
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A nearly Regent of the Institution, tin* lion. -Mutthow (rank Emery 
died October 12. lihU. Front Juno. ISTtl, to June, l-STl, he wu* 
mayor of Washington and a member of the Board of Regent* of the 
Smithsonian Institution an then organized, At the time of his death 
ho was li prominent citizen, particularly in the iiimncinl business of 
the capital citv, 

I)r. Thomas Wilson, Curator of the Division uf Prehistoric Arehw- 
»|ogy in the National Museum, died May 4, HUTS. He hud Wn con¬ 
nected-frith tjie Museum for thirteen years and was a most earnest 
worker. lie iiMUHc iridcly known by Iris studies and etui (filiations 
to the literature of anthropology. 

Respectfully submitted. 

S. I’. Daxoi.et. 

,S, / ■rrtitnj (if thI Sti, itlmth i>t n /net if w ti»n. 
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AiTUNmx 3. 

K&FOATON TfiK VSIT&U KTATKS NATIONAL 

1 hN'u iNe linnor to KLibiuit slip folkroing report uu the roDditirin and upem- 

tiling, i if tin* National Alureum during the yi*nr winding June ft). 

Thmi^li haring sw ifr primary function the pn-H-?rviitJH) and Hr^dimiion of the 
iJfjv^rnnuiji eoltaftLangp the Nwtioisiit Muhthtii is Im*i kntiwn t.> do- public by it* 
vlnntlmuil feature** the ihort nbvimiH of thein^ the Hhpimtiun *4 natnpNmd 
nt clu- art* of man by meana of earefully nk-ct^I *erh* ..f ohjVeltf appropriately 
kiUblxA Jind arranged in il* exhibition halls in I bo eity af Ww*hiiigtai>> li*eduea- 
liniLLil work, however. reaches out mull partuof the con&try thrum'll eIlij- ilietrlbu- 
tbiM nf ill? dnplinUe ^n'dnietis and the dLiwmiriaUoci of bowHge ihmugli itn 
jHibbrafioiig and by ft* iTim-|iouiIeiiee. The uoIfeutiGuifl have long rimt* outgrown 
Mte Skn-P if unit j< lalJotiN provided for them, and f-T some year* the bulk ..f the material 
r&'mvd liiiM gimu inlci alora^v. Jt i-, thcruf.n^ very ^ratifying I.. nuie the <1 L-=i-.- 
witE^n or l Vm-ir^, numifoited el* It* to ftnint rtun-b b<r tln« erection of a 

new (HfOdb^. 

The ncraKioiiv daring she j-lim year have increas'd itiy iota! nnmb-r of i-pvimen* 
to above i!i,?nXJpQOO. Ikt-Ht* Ihw, nearly TOO luta of HjHM'iineii^ were *.-nl ta the 
Mux-triu 1 r• 1 1 31 ;lM | -iirC- «-f the country fi>r Identiffcaiinn and rr^.nrt, and H'lpnil thou- 
--■"id letter iwkintf fnr In formal bn i on .^-Ecntihe Hubji* ta havo l**rn m^Ivid and 
ArunverecL 

* here U»A tieeij it laf^e blende over former yrnni in I hr aitioiilll nf duplicate 
material d tot ri Luted jhh gift* to educational e^tuhEiahmcKib: and ^-nl ont in tiXehanifc 
for du t^tiiYakut relum, the lotn] mimla-r of *peirimen*- *t dtojuveri .4 haring 
e*ee«diMl SOjtiK). In addltfcin to tilt: mil tire i tilth-a e> niin-cT^l with Hjm nm* and 
i , Xel— ifiHTiiinn nf the colled innh. much im|*irt:Hkt hcieiiijfk work hn* Ik-oh mii<n]- 
pliahk^l by tEie Mtiiteum unrf fJut fau-iltlitnf tin* for rondui^tinp 

n-r^in'bi- liavi' krn nvaih^l &f hy inanv jer-nm^ not nnnniekd wilh rbe Mnhtkh- 
rntint OVe-r 6 P 000 siierimen* wen? nlr** leiil to sjimiiiitj! bif htlidy at thrirowii 
IaI uomtories- 

The nnml vrnf inT^in?; who vwited the ^tuaeiim diirirtjj (Jki» year wtK J72h^S- 

ftttit4hip.tr —The Mnnnin CH^npii^ fnr Ms Tarioiu pnr^iH-s the prent^r juirt t«f the 
SEiiidnitiLuii building tile Eidjoi^enl lar^e tiriek buf|iftn^ k i-nH led iiinnit IH-Sii for lie 
efa.-N’kl Lhsii, t ill ri h of three dclaohed building on the SonithsontiiEi and Anii-iry n^-r- 
V^tliillS ami heverd mkai Fun Ids ro^ of 11 ptm-'t SW, The SlilithH>niiui anil 
Atn-< inn bidEdin^ are Eiininl^' fitted wilts I lie exliiliiliiPii rolj^i'liiOkh, I <llt iDQtalu ll^o 
the and kbfjra^ri^Pil the ti'fvn-i Kt- anil irtofljr eu'llivtiunp, Rtiftras it has 

tn-eu j^F’idtpte In ju eontciertlate them- The prepnmtrpna^ workunnuH and the genera! 
ptunLu r e SLHMtfy i^Utdile. 

TFie rt L jn*rts for niwiiy yeun* hove lhIIhI atEontion Eo the oveivmwdiTi^ in every 
brand) of the Miu^lHn, In r-esio of the exhibitk^n ball- tlwrearv K i an , e]y 
ways? f-ir vLiilora btdww-ii the taei^3 the reserve of ^pedmenij comprsing the 
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chief Men title wealth "f the cxdlectknut ^ to a grant extent, barely arcetfsihU* and 
their proper arrangement generally Inijurwiblej the kbonilnHi^ *re mueUy too 
small to permit of laying pot spcdnienp in txnuw nf ntitdy nr in prepamthm for dis¬ 
play. More rariou#, however,, hiu? Jn?eii the neoeasity during many years pagt of stor¬ 
ing very eomddurable parts of thm coIlectlanK iit unsafe building, wlmn- they an* 
cOOftt^lallv 3 LilE ili h la dt*?.! ruction by Oh* and it'rtiiio to <!i'tcriuntt(* r lN-ing Ijnricd 
beyond the pwdMIHy of suitable w*or irwpcilinn. Ii i* therefore pleating lo note 
That at its littf session ( e ongr» voted $5,IXSfr for the preparation nf preliminary plans 
for n new building, which when completed nhuuld not only relievo this roiigcsted 
condition, but also enable the Museum to develop its ^ 3 n^it £■ itislI feature* and con- 

duel Els itL'tlvities in a manner mOWereditHlfo to the nation, 

^venil important alterations and improvement shave Kh-ii nmdc in the Museum 
building. Some nddftk™] space lias lieen gained thnmnh the construction <if gal¬ 
leries in three mn^-the west-north, the mirths est, and the south-west* which are 
being lit Led up fortlio library amiss laUimUirii’S for the depart incuts of uuthiG^ology 
nin I g£q|cgy> 

Tiie *tvmn boilers, which bad I <^pme entirely wnm-mit after n service dating from 
the erection of the building, lucre lufrii rei'ihuTud by a pair of h1(^prvft?ure boilem of 
modem pattern, with capacity fur hearing Iwtli laiMinga The imredurlion of 
these made it nw«Baj'y to overhaul the entire heating plant mid n- niuko im-iv mid 
mnre ample connertiuru 1 with the SmithsottilUb 1^1^ Tin- I taller^ formerly ltd'll 
ill the latter building will l*- reiainud in place m guard ty^um-t I'lneigcncire, and the 
employment of one instead nf two [* e*| touted lo rtsnlt in i In- economy of both 
i’i tel mni labor. 

The i eimTiiJ lat ion of M complete fly atom of eh'r Eric-light wiring and liitLiaw extend¬ 
ing to all (hr exhibition halls! its well at* to the crf|]e£ff> ted h brat oriii*,, mid stnrerQQms, 
begun the pnavtoiu yw, wu* tiofebw 1 «itisfiu:iorily- Should It be deckled to o|wn 
the Imitiling at night, however, an inere^-d appropriation will lie required to cover 
the imt of extra dirn j nl mid I he pay of sevenil add iti.. nitendmiEs. 

The i[nartereallotted to the purj^ H <pf rt laocdi mum have been mn^owhat extemltd 
and iinpToviih hiu ihin wry desiinble mosciun ndjuni't mu-t ulwayi reninin |iporl y 
provide! for in I he prcuctit hiiit>liiig. 

Oft/4 1 pit^ai i , j "i The orjpnimiion of the iiuujemn ifnnpriflea an udiitini^t™- 

tEve office- anil three Ht uoilifle department^ as Mlpwsr Antli-with s iIL?|- 
Mionsand 4 sections; Bioh^ty. with 1> divisions nnd 12 wrtlonflt and Owk^y, w ith it 
divisions mu! 3 eeetiijoj'L 

Bftddes iht* ihnet L hewl ennitrm* in dur^o nf the dejiurtineti^ the sck'Milu- ^tuli mt 
the close of the year aitwifrtid «pf 37 eimtt^r^. 12 aadatant curator^ L4 eu^todian#, 1L 
ahl- h 4 iiMdatc^, and 2 ppllalwmtup*, mating a Loiul of iff of whom, how¬ 

ever, only air ml Ode^haK receive] oPcnpeuMalion fnun tlw Mnacum, <if die n*- 
mairaler, who an' serving in n volunteer or honorary rapacity, the majority were 
alinched [■ ■ other scientific hiireman of the (.aovomment. 

The death of lir. Thpoiu Wilwin. w hich occurred on May 4 P 15102, deprivorl I he 
Muscinfl of one of hs motrt canicat and helpful worlustin Widely dtetiti^uh-tkEkl for 
hhi stiitliib* and ccntii iMitiunri on n variety *d Miitbrnpok^iLnl fmhjeet*, Hr. Wjbon’a 
interests biy ehielly in thr field .if prehistoric urdnmlo^y, Mid from 1S80 he hiui 
cturge of the extensive and Important culteciiohs of this divMon npf the Moscnm. 

Mr. WElliitu V. V&Xi who wi^npjhoinud to the MiiM-tim In is:w. and hmi Lcen hs 
chi cl clerk idee* ISSfl* whh imijortant ilntka in conruvlion with all the recent esj^^ 
sitions in which the Government hm purtieipated^ several hk uflkint relatLonu w ith 
Hie Moficnm in Febnitiry, 11-n j jj-rb*»tly t<? 11 ib * ivgrel <pf bh iuscciAtiv, irp siccept el 
mure responsible ^witkra eWhere* Thi^ duties of thin yffleo have iw?a santi?* bal 
mudihed to better consulickie the administrative work, mini the title id lls chief 











fLtfi-irr, i KJL 


PLATE 1. 







9 1 1 

I ■ 

' 1 


hi 


! J 

. ■ 

[Vj ; [f 


Hall w American Hi»to«y in National Museum. Showing Crowded Condition of Exhibition Halls. 
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kifficiT ha* I efumged Kn iklmiiiiistralive This poriifou waa jilted hy tins 

appointment -rf Mr W T dei- T Kavoacl, previorwly tho ft* i riant ici charge of fish cul- 
(wrv in tho United Staled Fish Commifision, who has joined to a hmg ittpcriemt in 
ihd iidmi lucrative wort of that Bureau n faroUlanty with tlse prepmltoji and inrtaU 
latlciii of * JovenmH'fU exhilnt?. 

Mr. George B. Tomer has been mode chief mihlenniAt and Mr. IV. c, Fhali'd mi 
aid in the Department of Ueology* 

Adm^i tothtatttxlkm .- Thjs con«^ww of the Museum wore inmttmd during 
tho year to the extent of ever 448,001:* BpftlnMBiii, bringing the lolul rtumF*r of *pm- 
[i.h 'i r* hi ft h op |q jn-nre than 5 P 4W,,000> The add] dons were receive I hi 

1*401* separate iola or ooeeaEkiruf* 

Anions ihe important wnnibiuinfi.* in the Department of AirfhfopuHyv wefts » 
j|tmnfRy of w«*j»np p onttJflentBp and iwri* of tortninfs I'njHw'ted hy hr, 

\\\ L, Abbott in the Andaman mid Mwbur island-, mid many nlijVtr. md tiding 
crania, native dothiiu,\ |aiu|.*, and nrtido* connected with the imimfrit* >d the 
Eskimo, obtained in northern Greenland imd Ellesmere Land hy Mr- Robert Stein, 
of the United atfttft* lieologirul Hum-y, during hn Arctic vv^ditem. A mind a- r of 
Guatemalan input mid of objects miwlratiriff the lirst step* in die wearing of cot- 
Inn a* pnctlwd in that oHniln.-.je well as other ethnological material wot drived 
f rnm Mr*. Mary \V. Owen, of Ptanara, Gmuemidu- Two interesaing donations we« 
it series <f weapons i^ptomi during tin- Philippine tammi'iiftt, unhiding ^ veint 
Filipino triyonls id the ordinary type T non a* bilx*, and a kri$, from Maj. M L Ihiwfc* 

IV J Volunteer*: ami» mUwtino iuit^iiiigi»riiieitiidlyof thediffemnt Lypuaof pnnal 
dt* a weapon tarried hy the women and children hi the Philippine f? lamia, 
tether wilhmtevico formerly twed uitlwFhilippfwiiruy fordHrapitetiag wounded 

Hiddier*, from Ur. W. V. Wurnudey, of Norwlrh, CVmm A .. Philippine colle* 

tlnn, >H vuml hv ]mnW> fn.in >1r. J. N r U«rki»H.of CaUmiim Gm. -oinpri** ^«ipon« v 
uteiiKiV, tt>buci.'-r liw, charm 1-lK mo-lob of In him, newspaper*, hIhI uertre, 
mil 1 etHttvL 

A i -■■! ti'i: li■ ■ Il of rliriiiv uhjtt -M IroUghl lather In (lie late Ur. G. Brown Goodv t 
ari* -ttfiirpl iHirlutr tin- v™r, in hub* iiiwwl inrinniu-niu. iupnneso 
tlnuiw-li. ulinsiiit, (mmljlinc ili-vic*^, uws, «n iinwi-i- I mi, oil Kirtiini 

wiiiv, lliin-iiHi n-rnv, rld&.nlrf pi nit- mui N-wIk tra>>. Kn^nii rh mnw« n.«, anil 

,-hinii fnim fliinn. 'Hlur wltlltiotH l.tlhc n>lkrlinn *>f mtiriru! in*tru- 
jiicj,!- tverf. it Hiiall - rii- .>f iiutmmcnls \wA by tlw* Aiiuirican Imlistw. nml 

{ r . .lit lainijn^u .. Lnrlinlmy n nviJUofiittp*, ofet^wnt by I'sflwnfjn from 

Mr- J, Cro-ljv iVpnm, nf (irwiign, N. ■!.; im-l 7H .^mprialrtf; iriHtnnnenii- <if 

tin- Jai-nnw, rlii Thibaiainr, .InpaiuHt mui K-nbim; x 1 ' 11 1-vypUan 

kflil..ilnun- < aTnrkiHb imwnt«-.lby hr. Hyim TX^tnnini, C. S. Army. 

\ .. . .,-i of iK.iu«lt) Bnd silver ooims -•! Siam, ami * r‘t>ri**nf ^[Kini-h o-bm 

mini i - I in Mw«>aml tin* PliLiij.piiK' [j-Jamk, pmtrtnmirlh.' vnHmi- Itinrte l«sn«.l by 
Spain [. >t itsit in nr tuiloniis. ivt-n' obtiunft'i by jiiin L liisi L . 

’ i.^n vullection^, chii tly /.f hktorinU linen*», tm deposit ami inhibited in 

tin."main ^lmviim hall wrt a, lolluus: K(gbty-lMi:. n-Ib- ■■] ‘’tJonml linn-, ami a 

got | wMt' U w..ru l.y * hi> 49 > .. . :i ntjihcu .if ilrniyjf ywhitigt,*, 

/mm tin* Null i mu I ftocicly oi D0l»uia| bmm-, rvlni. H>i tilt' Revitbltinnnry War, 
iiw-ltullnBHjimHiHru.nl' in the Contim-nt*) Army, Irotn thu ItoiBilUrruMf IttAmvn.nn 
ItuvitlutEunt Hrt'erul nwonfHthui Iwl lh"kiu«nl to (he lain ll«ir Admiial J. W i'btlip, 

P. S. Navy, -ino by Hie .. I Tess*. jmothvr l.y the t-iikenf nf Nuw 

Ynrk t'itv, Irum Mm. PWliji; eis swunls in'longiiiR tu Iti sir Ailmiral Ft. D. Kvtim, 
U. P, Navy, including hub prwnti.l hy ilit' MiLt'-'.f limit, ami unt* by Mn-.-n-w . .f 
the battkeliip Auot; uml III t *nnHvaptLir.‘.l at Tieiitiun. rhiiui, iviiiprianw <lm vurtmts 
ti I*- ul Eamjitflii unil AineritajJ ntiiiiiifeturi: irntploywl in Ute i ’bltKDC *rtny, 
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[mil] ('ill. W, If. Carter. U, R Anuj\ A d<tsk iUTiiI i|UmlrAlit used by Dr. IV E. Holtj 
on hid Anrtii- Expedition, wvrv received a* a gift (nm Mis* A turn S. Hull, of 

Cikiidiinntb Ohio. 

Among the important aeeessioiiH in arelueology were the cdLlocilEHi uf Hint im|»l<_—■ 
nii'ii[:*>, hunt ikt^odkk, and remains ««f extimt Min! mirikt mummal- ressdting from Elm 
exam fruit ion ■ >f n rrtilpJmr spring id Alton,, tnd. T Jg liv !NI r* W* H. ttoltnes, and ji 
wry liin-i- nnnmid hpE material, i-■ «ei■ |■ ri.-iupottery, inipluioioii^ of stone, lynxl and 
shell. I ■' iiik> and human ro i1mi11,-i, olpLaiind by Dr. WllIU r Elfingh during hk invi^ti* 
gationg in Arinoim, partly in iTKijuneiinn with Mr- Peter G- Halts. 

About 10 k OOQ prehistorico^oetn from Georglii, moliif] mg carvings,. s^rin-ads, [mU 
idwal stone hatchets, tukil olhor aiiMe* of Hhj«ie P Ivory* m*l lottery., were mfuiml 
from Dr, ki.UiLi! P. Steiner. A wlloctlou of the tmplemeuta used by the imelt'ht 
bbaldtiuiiH nf Columbia County, Pjl h eomdsting of stone mtkhn of ilomertic utility, 
stone hntchefr* Funnier stone*, unow pnhds, and sjn-nrhead^ wm presented by Mr, 
Chariot! Hmnmd, of lvqH-y p Rt, p and it tan»■ Juries of prahitunrie objects from the 
PohinkEU: Valley obtained by |aiEvhitsv. 

Among the uevradons in archteoliigy from other countries we» over iM'hj *[ftviiiiioi-w 
of pndtbttotii; vat#**, stone %un«, carving# and polished kieatttmv&t*, nod fi^eo^ 4 and 
riishra in t-iiri henware him Mexico, revived fmm Mr, Iv o, Mat the we; material 
Irani the guuno eavw. of Lw Cnnvs, New M.-xkn, contributed by Mr. .1, R. Be Mkr; 
mi irnttoe, lunriar and ;«^tlo i.f -tone, fn.nn Porto KSco, prva^ntod by Mr. Henry Bird, 
end a serka of Hint implementE ami bones from the shvltu of Ki^ j rbx;k h ScbaJf- 
huiLseii, Switzerland^ donated by Prof. J. [tok>rli f of the CkiHendty of Zurich 
The jwkliUotiH to the ieeJmol<igttal collections include several el hMorical valuer 
eikh m piw_- of nppamtitd deviat'd and nsml by l>r r EHahii Cray in his experiment 
with harmonh- multiple telegraphy and with like telephone, eeoiiivetl fmm Mrv. 
(tray; one of the tin-foil records made by J^lison's ftrnt phnn^raph wlien cxbihiteil 
I rbn- ihi- NmUliitjiI Academy * if Hdeni-t-sat tike Srtiith.nmijiTi fnnlitMtion In I MTS, i-■« 11 - 
trLbnbd by Mr. WHlblLk J. Itlu- —: n kikinder nf eln trie litzhtiln: iiinl tek’jphojm 
rlt-vii.v^r E-onS one of eHh- rjirlv fonn> uf tyjwwniEnpr nmi'hine*. 

In the ru-pftrecuent nf hiolngv the ociltections -erit by lb. W. L, Ahlkott fn.»iki die 
KuH Iiidii-’, ci«iieisitirjg prinripiTlIy of nmmjimkr bird- 1 , n K pliles P and insert^ fonmnl 
Die iiMh-t lm|H»rtaikt ucrv^mriP. <sf iikaiiima]^ thert? vi -re S4& ppedim-ck^ 

Sneltuliilg uuiny ben frmjL die islands id Andaikiiut, Xki?kir, Uxl^m. -Sinkep, 

Jolion% nml idhem farther fawtwmn I; of I tin Is, over 7ft0s|HiimenN, ami of reptile*, n 
ovneiilenihle nmnk j r. TFie regleu vedfec! by Dr, A bln >ei is in large new livid, 

ilmI jovvionsly mj»rvN hU'i| in tln^ Xaliotml MuseFlrn, and tin- uc>qcmtiH ruiitrlhnth'm? 
from thin ludefiitiurahle cvpifirer udvv Hh i Modern a nidlivEintk fnon tins ri^iitn 
vt hii'lk \?* mI isi iltilely 1 m rivTt k^l, 

Cktbvr flpffldmens <d linmoikuls rvndvedp dOH'tVktkg nf iniiEktiim, wen- ll tine ^krleloli 
of the linen- K-h 1 iin A!u-kni ln^ir, Itoei] Mr. J. II. Kidder, af Kttfdoji; Vfi'ii^n fitktr- 
liijM^aml in-mkry- Iron \ T. A. Pocukkls-m >millk, nf I'iiLliuUdphhi; ih.lilv -linM- uf 
lunnbe fc elk. and other t|wr froiik Mr. ICrm ^t T1 hhil]->i uj-S^[oSMd New York; eli 11 1 gt 
large H rii j K ■ IL~ - Link rnnkniitul*j fru]n Ch ntuuiy ami !' -• l rr«■ t-: frtilti Ahul. 

AnkLUkg oriiitlLnbkghal i lsjiCL^ riELI uvri' alwmt h^Ki Clihun ftiul IVweh- ll\c:a\ binU, ml- 
IcvI«n| by 51 r. Ik S. Ibkwdi.-b; :t ipuirktily nf Cillatik hm\* .-ndT^i^L by Mr WllUam 
Tahiki-r; m rtitiew of MvL-t ludhtti birds In. mi tike Boyal Museum of Natural fIktory ul 
liOiden, HoHah4i ^ lurge mttnhw of Rnniluiri hinls fnMu tho lIMm I'milidia at 

Prteku. Bnuil; -nmlk'r rollt'rtsoxkH fmm M<-xh • , ("i-itjh Isl unl, Iljiwaif, ninl 

Cn i nk Firitain. sk'Voral niro id bints" weft" cibtaincsh 

Tike r. ptihuti .-.kltertlon was i nriL-bts) by the ihiltl work ill Clktsa ami Port,, KicOClf 
Mr. Ih BowdLslk iULil Mr. William I Milner. S|^eimels- wi-re al^p nawieed Irmn 
Jik[nui. Sumatra, tnid the PhilE£j|'iEki' Islands, 
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Tite IdvMoii of FitthLta wa* (orlimaLo hi ^curing, through .Mi^rn. Aiuleiram mid 
thrice, of i krElnmdj till., the Hkili of a. wh&lc nh&rk i ffitiuotftm , Ift feet hang* Lbe fir>t 
pif 3^ kin^l rveonhtt iw- lioing [Jiken in the North Alliiiatii- * kirtiu. The LeUllIil Stim- 
fun I Junior ITnhefatlty prwsttilisl tbp tyjw^ nF » lurg+' tottiubtsf pf ftrhett 

di-rcrlbed liv Ut. David S_ Ji«n[LLu r :l aid laE^i- K|MviriKmi< (pm Panama. ('ncr* l^lrti lhI p 
mul 1 hr 1 iailu | i.ll* ■ j* MctaaiK A • olleeUun of IClE y 1 1 1 inn fighe* frnin i hr Nik 4 WBfl hmhi- 
Irllwilwi by Ur. ikudifm-d 3 van, oM hlinsihiii l T iiivt i mty, mid hitereHibig 1 material 
frtuia several -nunnes wat* tmtunuiUed by the United Ktati - FMi UonmnV.dnn 1 

Twelve (spetfiw of l.nad ahelfc from Voetm Maud, polype* qI sptfcii* described in 
E* iron Marten** Work mi the inolhtsksof Hint lucidity, weru donated hy \Ir. William 
Hr Dull, Son r* ^^Ghtdiclbi from Lower CaUfnmiu were received from IJmd. C. A, 
Clarke l\ s, Navy. and a hhthUt of new ppedeH of North American land nhdli 
from Mr. J, II. Feirijs of Joliet, Ill, 

Thu luru^l addition to tlie i>iv L^i-.u l of lamnitfi comprised about 65, WO spedinenH 
hy Mr. K. A. Sell warn, (MirtiNlijin of the cvdonplom irk the Mitsuik. irk Ari- 
jsoeilv al lain own ex|tfiiw r and hy him pnseiikrd to the untinmd v»lk"rti0iiK Tire 
Museum watH ak In 'inly indebted tot la in grnemii*- friend for tJw irifl of hli eataadve 
private collet-lion previously formed. S.naiv T.inh) insects of Hovers] -i..ii|m wore 
brought (man the 1 lawaiiaii iHlmriH hy Mr. W. It. Vfhmmd, mad ID.HCKI sjieritimiiH 
of lVpidnpleftl from Cnlonalo by Dr* H. to Uyur, hy Mr. A- S.CMrlL The 

^jH^Hliorkn on which thk mzLiirristl war m cured airc refermi to elsewhere. Ten 
|Jii>iiMiini lhiiutlNilly j m>] KLri^l *pveitneia* uf bullcrflkt^ mainly from Alojcivo ami I 
C«ntTtl An^ritx, have lawti ■ U | |)Otill&d in e3 1 ■ - Mutuum hy Mr. William Schmid, of 
Tw ickenham, England. 

The Division of Marita* I ii vertebrates nHsivwl fmm Urn Unftw! Rah** Flah rotLi- 
uiL^irjti u ^'dm of i p ortH:i Hinin a[Kiogi> r iih'ritLdnl hy Ur. VI. X. WLI^in, uf tlie 
Fnivernity of Nn^rtli ' bMltna; erhirihmil hot ithtiriimK from ihf I^Tklin . iden- 
lilted hy J'rirf. II L. <'liirk t nf ^livH « nllt^i . 11 ie ^i^ wv I ■ i-JLiin i.Ivitil^ mU 

knm h ! 4 1 a Ham tin - es pii i it Imi i t if 10(1 1 i > ■ 11 ie 11 a wai niri I nIueh Is: ii nd a \ jianjii a ly of u us .[fria] 
fmm E E i iinirim' -lutinli uL WV»hIh I loU% Abu"-. Tin- h \ ltTLrhi- i id ln'Tiiui of ii*nsl- 
li i. i U 1 Miam- y-earw up* ill the 1 "fci ili | i|<i lae [-I;iu-U hy IT' *l' J, H Hl^on- ;irn I lYoi. [kill i\ 
Wiin■e.-slrr wlv“ h! itnaii- 1 1 hy ]*Urubai*v. Miuiiiy the Fmiiller nrvt^iHoiae of liitju.rtuan o 
w+*n^P|smilai\ r.f llJJitineiriVeflvbntlL^ fpim iilh -men- Ijilnlp by Air. KoEiert 

Stein; n-etii^of S lie nivo * 'rw^tat'esi oh mE Kentm'ky jicipL Tellllut-yeL* fhHn EVuf. W, l' L 
liny: :l number iif Ah^kwsa enwt«(^n.HM fmm Mr. \i. S. AleHre^nr, of the i\ tf. l\m *.i 

Si.a rv. ■ ■. plvAla i eT I'-Tihfiitftt'n =im i of tht 1 A 13 ntltli ■ 'r-;oh»Ekili] from tli^- t" lilted 

SIcUh- Nuvy. 

Tlireugla tin: ^Tiieruiu Ln.^iut^t uf Em j . y harlo- Molar r of A.Hlieviile r N. t\. who died 
in .1 Illy K IWlp the HivtKolL ol Plants Ijei^Elae jH-ssesHd Ilf Ills etuiremlEiHtinn of llow- 
enilff plttntHp ei>iii|irUilag more than [bjm -pi^-ianen- ehielly from thr milt him 
t'lLited Twn pn^iouaU IN. Mohr bml im^-iiti^l E-- the Mteiittni liift 

etdl^-Eiori of mIhjisI njnndmetH of L-rypkiL'iiiLiEe plant* fpnn the *jieih- region. 

Fmtn hi-’ trip lu (entrul Amerini ituri iLg the a-mnuier --f HhiiI Mr-1. N. |h -e Imnjghl 
haek il large EiikinlwLT uf tilunl*, InfihadLujjrj^esineo.” fr»un Mount llnFaiband Mount 
3 "irpi MLiti^Hi |. ail H'l hIh.i fiorm' living pi mat*, wlllsda Weft 1 ■ lep* ilk E lu- gn^IlllOIkH- of 

Lin- iii»|«ftintrnt of Avriudnire. A vuLiinlile ddlL'elioEk fmui <1dna ami llie I^ilUji" 
[■ i 1 11 ■ Ul.kJnb \uo eotllrihiil^l hy (bo Hovil] Lhitnnii’ t JahleltH of Krw t Eaigiiiiid; over 
i%\m pi Hilt* fins 1 1 pjllie I'J I he >[J1I-* ami I from ( iiuiteaimhi, 

Me^iiYip aEkd l'"Tki Htrra wen- Inu^ublUid 3iy 1 he Jke^irtiiii'nL -.iff AgriekiHiin 1 ; amd 
alhiur h'_AKi Chim^i 1 pluritr went ai ipiil hy pEindulfo, 

I il ihe 3k jmrtiiv rir uf tieology the nLTetf&ioiw Imve l--r-n otiuiemlw, ami in Hiinoof 
l(h divwioiie of lihore thnn onlihury liikjMkrtaiKie. Amoiag She n.iek* nsnl i rw n - - 

milted by tlso I 'nil^t ^EiiEi - l icoUagaeitl Survey wen? aaumy -jK-Ldmeiir iltiMrfltive of 

sm IlKS — -3 
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Up recent explorations in &itolu ( Montana* amt On*guu* A largo iptuiiLity of <*iv 
sun pie* from ^3n- Fnil^i State* i nhibit nl the Expiation. r.f 1000 was turned 

over to the Mukhin by the Government Board, The minerals added in the colter 
lien comprise many -vuifotirc. n number of which were not previmwiy represented 
Especially worthy of mention are a fine specimen el native tellurium from EVtaumr, 
New; n inii^riilfteent nisL-f* of Jiu*w gold nu qllarta from the '"MhierV Dreair/ - [nine, 
Old Cbe&ter dislrivt, California; chnnu-luriaiCLi 1 HiiHipk? nf AleL^hm ipj-lil: fine -.jn-rb 
mfn.H of tiKilybdeniTe from OJumoptfi County. Windu ; axitdm from Switzerland amt 
Japan; b$UttiM crystal of tourmaline from Mesa Grande, C*L; and zeolites from 
Golden, Ooh <, Following nrol he new efwcie^obtBtni-d : Xarammlritev prey tile, ytln^ 
eerile, picrGolliimcgcne, bcmite {in crystals h t^pl-tolilv, pliraiboferrfle* ankylke* 
nLlvunilc* tluilcuit^ dpidite, and loamftc. Fine specimens ■ rf ruurmaUuc and tune- 
(liyj-l were received an a ^5ft from Ur. I,. T. i 1 bans 1 <e Haiti, burin rury i-O#?0ilki| uF genu i 
aii* L \ i fixU His A i aov* 

The meteorite ruUiH'tiim was ineimsed during the year to the extent nd Falk, 
and new comprises specimens ropresciitiTig a total of S^h; distinct hdb. The uniat 
valuable add it ion wap a atony iron meteorite front Admins Kanp. Tin- H-im** of 
ether important ppedmeni wen- fnllnwp: Mivdiuf. I VairEand, Russdn;, Uafn:ti p 
Switzerland; I ru-dmout, Inly; St. Me>iidn r Salted and Iju-hh, Fnuav; Sm> 

JtlUfltido Morel nt, Political; Usneriik, Ireland; Sbalkn, Jhiiigal, India: Rhine Villa* 
South Australia; Weston, Conn.; Algaiim, Wig.; Muiirue, N. C-; Tnudiijbce, Ala-; 
Tonganoxic and Kiowa County, Kona.; and Sait Angelo ton I KeudaU I'-muiy, Tex. 

In invertebrate jaJcontcdogy there were s-cveral vary largo and important addi¬ 
tions. Sonic 15*0CN) ►jasciincim, including 1 h ( C 00 bninliioj-xK 4,£(W hrywnanp p many 
cretaeeotua forms from New Jerwy. and cysthk and criouldtf from Maryland, coin- 
porirtg I Lie private c dJu-i-t i> m uf Mr* Charier Schtiehcrt, uvaistuit curator of strati- 
graph ir pair■« mleWy, were 1 hmalfrI by 1i Im t« > the It usemn. I "n d, i kotgc M , I Vo I cw 
ako presented h b^atirc i*ollecthm *d Silurtaii ami Inn^mlan hwik p alw^nt ^SOOitjH'ri- 
meiiB, from t umiKTland, Md. The K. U. Flrieli eoUeetion ef Ustramdn! 
about S h iKHi N-|tc^ iinens, and the (y | n? and LLnirvJ apedmenir ef l Ot'r fljx-eic*, waa 
attpairrsl by pun-1 ut-e. The tran«iiiii»ioiiP from the (irologkml Survey inelediNl 
Hpeeimelia nl tajulman lirfirlllopnilH. whieh had l»eeu the Pahjisd uf ^ p bl 
jituriy by I lie PirOGtOT, Ur. Chjirh?« U. Waletdl- 

The ost«wive wriiv of nvth nl ihe elephcuit ami nuLPlndoii^ Mhtaim^l by Mr. 
W. I t. Ltolmoaat Alton, Ind. T. r a^udale L with jm-hinliarte Implement^liax jrrovrd 
of ^rvul inli rtrU several K(nidep being n |iresi. k nttd, 

The acoHsJjBus in Pnbtobolimy ineludoa vaJn:ibU t\j3hvt3on of firt-d plants* etun- 
priidng the ty^ HjKjdJiHnia dfwrltHsd by Prof. Ktwuezfr Iviuinon^ in his Aim ri^m 
tieol[ig\- t part W, 1 ; \m 4?pndriieii» fomi Urn aurifcnnni gnrvels t>f California, eul- 

fertivl hy Mi. i\ D. Toy; 40 «podfneim fltnti wliiit may \w the Ufq^r Jnra>.-ii- fnnr- 
jiuicien Jo I he vicinity of the Corbin coot rninc\ near Caj-- [JniiQume p Alsskii; about 
30U wpctdirmtw from Um MimA-ne Ijiku IkhIh tif ihc Sotfih Fork of John Ikv River, in 
Grant Connty r Greg., transmitted by the Geological Survey; and abont lOO >;wd- 
niMiB uf 1'ptier CarlxmifBroTiH pi imt.- from tha yidnity of Idympton, Mo a * i Scribed 
ly y\ t. David White in the Fcanl Fhrmof thftGul Miitruns if Ml^iini, ami ]«ro- 
sented by Dr. John H. ISriim* of Piyuiptuu. 

Owing t Mhe very limited Sn^ins UVaiEnbEe f.ir JJdd rvsean^iw, llie 
ainotmb of work of thk ^-hornrter cjtrried on by aatfu^tanta of the Mw-cnni Iiil- l^ n 
rx'Liitlvely Fimill p ami nwt of the ftxptdhJonv made wen? only rendered p^ilde 
UmniyL. coui^ratkxn with other bureattaof the ( Invomment or through thi gtner- 
oniiy of imlmdujiK The i ioveriiim ut cxploml imi.H by which the Muronm is njo-t 
hermtiti^ an- ih.^ condneted by the Ge<olfigical Sarny, the VL*h CTobtnsMim, the 
iVjiartineniof Agriwltoir^ajiil Die Bureau ot EUmokty of tho SniiUiaonlnji Imrth 
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tuiipn. i »>f thr^ Army and Navy, with th<> exrt’piifun.iL opportubltiiH now 

jitfi tn fc<-i | t tiH-ica, Wee also k'h doing sona? ewlh-nt w r ork for tin- Musectm p es|*djillv 
iei the PfetHpplii^ Mmrk la ihi» cQzmrctiun mention ahnnlrf likewise lie made oF 
Ihc imports* t tixplomtimu which Ur. \\\ L. Abbott, uJ Philadelphia, haw been ^ 
ryintf on fur several ytam in the Keen Indie* entirely at hie own expense, the n^nltw 
bring jjuneniuHty donated m lhk imputation- The latter compr&jc Inige eolleetEpnn 
in xoolcwt imil, ethnology, wIjuhs %nluis k enhanced lw the fact of tWr mining from 
a region hitherto ^surely represent*! in any iniLwnni in the world, The held work 
engaged in doling the y«ir by iiosnhere of the Altta^om hUiH wa** ^ followx;; 

Mr, W, II. Holme* head curator of anthrepology, visited huilmi Territory and 
M[raauri P hi the former mwdgwtiag iin interacting de^Kwlt of flint iioplcrowht* ami 
^Kiiie literal la awrfatal w ith th* remains of cMinct mail renut mammaLi m Alton, 
iwicl an Aitdunt ehert quarry tin the Peoria Indian fte^rvotkin, arid in th** latter 
examining n^ar Kimimurirk an extensive deposit of fot&dl nuunmata in which human 
renidnH were raid to inTtir, and an indent village site ™t*lnbi g skmo imjileruoriUs 
nn.l lottery. The idvurtgntwns Iwgun by hr. Waller Unogh in Arizona, in June, 
l\Md t wen-e*mtinned thmiigh. tin? summer, in i-oiijiinclkm with Mr. IVieMi, italic of 
P^ailena, TaL p And ehielly at til* axpemeof the latter An KTelwilc^icBl NA’tion 
War ]Liable on pi north and aotith line from fbrt Aparin- to Mold, a d[piano- of about 
100 tulle* ami a large amount of material w-as obtained. Etitutigraphiral work 
WLoraho d i mo imoii]£ the Aprtriir h Xnvuj»h, xml Hupt Indians, and tw** new gruujHf of 
mini north of Hnlbnwfc were m upped, 

Mr. \\\ II. Ashoirud, who mvoiujirim-ri an expedition of the United Stales Firii 
Camrafagtau to the Hawaiian Taklwla in May, 1 m* for the jmipow of making !-.j 1- 
leqtioiiN of inrurtH ami of studying the insect hmnaof thi*e new puKH^tiJit, returned 
kte in the rammer with an importimt Int «f material Mr. B. &. Bowdinb formerly 
nf tJi^ United Stated Army in Porto Rico, wjl- emplijy^l for abtiufmwen iiphuiTh in 
procuring anxilufrlcftl =*peri inert*, chiefly binh p in Pnrfo Iiim h Hi CTnhn, ami cm 

Mona Maud. Mr. C T L. P->llard and Mr. WilLiun Palmer mwmfinnipd Hr. BI wan I 
PaxkjLtTp of the Department uf AgrienUno% in the «pdl^ of lOCGf an iui expedition to 
f'nhje where they olMnim^l an interesting colleetioQ of plants, Hnhi, htth?, 
mitietis and nwrjiHf iliVt-rlehrah^. 

The simion of the ChIkpI Steam Whaling Cuiu|»,ny, .ml the H-mih -if Sew- 
foimdkml was vifal^i during theJflua&uer of 1901 hy Dr. Fiuii riek VV. Tme, who 
mwk -m spvtiial study of llm snlpbor-bottom whnh^ obtained many plmic^raphi, and 
arranged for the preparation and shipiiMHit to Wjtshuiglun of the skeleton of a iaige 
whale. Iei a colhvluiir trip to Colorado, Dr, li, G. lHar, in ^mnptiaiy with Mr. 
A, .V raiidelip of the Department of Agriculture, Baenrui nomti lO.dXi >J M -d E itefin of 
I A'|i3»ln]>E+- th, Lilid Mr. hi A. Behwftr/. made in Art ion*, at hia own estpen ae, a very 
larui 1 1 ulln tioii of InreetH. Two tEionths, during the spring of Jiv; were Hjwnt ill 
southern llllnm* by Mr. Kobert Ridgway. in tbe Interest uf the THvfadan nf U\t\U, 
Bntani[-al ^pbrationa were wtivd on in (VmniL Americi during the himuner of 
ltiH by ^Fr. .r, N. Roeje, a»drte«i hy Mr. Rotw-rt Hay, of Wafhington. 

Imt^rtnnt ^ nlh^tlniLH were made by Mr. Charie- Schnehert of Ib-hh-rltergnin 
IcRwaiB in New York and of (IrrtitaVtniH f.*>ik in New Jersey. Mr. F. YV. CTnwl iy 
obtained for the ^liiienio a rtimirkahly line .■a.-ri^ of put holes Fnan the Lswalt nxi k'y 
n^4r Snake River Faih r J^laho. 

EftzfuingfA *—The use of h« duplicate spedtuen* in oxcZuitgeS with other 

suionrilk ^tablirfiitiQcto and with indlvidiialH was remjrnEscerl by tbe m t funding 
the ItLYtjtadun hu iii]| R irfant [iiesuB of kcitiaringtlio cotl+^tEdiis of the Smithsonian 
Mifresua, and hi ii Iw proved n* W* during the more e3*eiii fifty yearn tlmi thv |, m*. 
lieE- lias Wh fnJIowtiL The amount of material involve i its eat h tnnsnelioix nmgvs 
fmm oimur a few *p«£umm to toJi^timis of . ..lishkmhte ^ wMle the equU-alent 
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■ il-tjiiiiril gem-nil I y vomica df Mi^ede-* -»r object;- u>H previously ii^re^rik'sL The 
ilLij.ilirutc Mjieriiupn* havo therefore a high value u* a imn'hjkMiiigjre-diiim, mid hivi- 
3h , i-’ii i jl- a. winili-, 111■ - prilli i] mI o—mire of the Museum for rilling gii|iM iin tliv colJen 
IjoEih, :inil fur mei]|i1iHtijtJg ir- --e fieri along iiihejy lines. Much Viihtiihle riJJifcruLl welm 
-tH’nn -1 Ibnmi'li ihi.- ULemui during I tn 1 j■:i _-1 h■ ll r from 1 - Ml doEuetUvc amil foreign 
wiiinv, Mm- inslitniimnH dni! inilitiilimlu ahmad entering into oxrhnn^n relations 
having Ink'll jl* frillou> 

Eire, if BrliiLim The British Museum of NjiErir.il lltnhury ait Imudoin tin? Efrryul 
ikrtauli' 3 til ken, Mr. H* Lovett, al 0 ^v 4 iH]; Fred. A. 3 Maddon, *4 t'am- 

bridge; A3^-r- Nmi'irby and Fiilkujt,, of Kew; Mr P II. Rith a botUirUp of Sunk- 

mtI, f'hi Lullin', ami I [lit- F£ei\ F. W, I i :l ! [ «i n r < if Uarlnw. France: The Mnsomn of 
Natural History Hi Paris; Mr. E_li Ih'illljhI. "if Lim^S I*mi .Mic hel ' ittll- 

il-.-iT, l.i A mas i KHojii' ; Mr, Ila'-jn- Martin, of \*- Rhine Eml ■ •- nml l"ivi.f. S P K. 
IjL^iiiiniiijij, --i MniiHus, WYivr. *h!fT,nanY: Tlw Sum'keriIn-r^LecI ics Museum hi 
Kmi) k fti rt*r u i- Main - In J, Hudc, Al r. I.. I- ruin nhir, and AEr. C. -S'lunin-r, ni Berlin; 
E 1 r. E\ih*. r-|. Ihi■ of tiiitli.ii, "E"1 1 urEaiui■ n, nml hr. K Klhtdlwion. "i KemigB- 

lierg. Austria: Thu linjiuriul Kovel] Natural Hihliiry Museum at Vienna- Italy: 
TJir knyal Zr-H.iloL'iejiJ Mur-ilio ji r klonnntj; l‘mf M Kt'/.ri, nf >i.isdria; Dr. Foli|i[w 
Sylvisiri, fif iWdifUH, T. r mbrin, mol Mr, l.m^i *binfinali-. m Vii eJLfcH. Swtl^vrlitmi: 
Mr. r K. \ 1 ■ i l lA-llviil^nj, h Horne, mid Mr, M. MtrhtdL qf RcfaHly, Oenmi. For' 
iuizkh Brut. Until CIm iffcil. nf Llrtbnli. Holland: The liiijk- Mui-eum u| Nuturai 
UL’ttofy .lL 1 ^*Ii3«"XL him] Mr. M. Doytmmli, of Middluhtlr;. B 1.4 urn: Mr r VJii'tor 
MbMHp jl, "1 Bm-.H'lr. Svn'tlt'Fi: Tim z.Milnpnd Institute <4 ibe University of 
rpealEi.HJul Mr. Sven Hkirunr, of E'psulii .h^mn: TheIrtij^Tuil ruiv^rnity Jit Tnkyo. 
IiKliii; hlii' tiuyjil iSiiniiiiral Cumlenat m-jir l H ab L nttu. s*m![ Africa: Tint 

.Uliiiny Muslim at CiiMhiuj^iwn, iunl this Rpitanml linnleEiH jit Horen, horlMiu, 
Etnufil: Tliv Murju rnuliHLi, Hll- I'uolo. t.’liile: TIu l Xntiojntl SnhtMil ..i Mine^ 
t' ri lgu*y : ^ -fi t >r StTvermin«Mu 131 trn, > if >1 onievlilech. M+‘ s k'\ > r Tbe Nati* > nal ^ I ustmtu 
hi ttiDiityof Mesin>. Janwini' Jonniiiid IMwiIcaMianleiuiat Kinj.'>t«Ho t'auowiu: 
TImj( iudogiiffl! Survey of t iiruida nt Mtuiwa, and Mr. Jnnivri Fowler nf 

Tte [.lifibTtitm hrtffr.^-Thv i.TOllHltit Slalt' i if UH^t uf tllO VXllitliEI mU iLBij? jFtt> 

VtftiUal exteHaave slh fi-litI oxih to the dia-plar ocdliHtioja^ exvejit in a few 
Mui work wil* <ltnu\ howevoT, tn-wnfit liilprovica^ Hie Poadition aiiLil :qi[n .Lnmnr of 
Ela vm■ eollettif’iH h\ rtatult juMitioiiF, sitv3 hy tlie Hol^tiUitiim in tiEony IruftAOi 1 ^ of 
!h^e Ui r n taleria l aia^ t *■ 4 Et h Ijrbef e 3 a— of pn* [ -amt i i him, t "i niNidisnthits progn-*= wtu? ;lIh p 
inaile townrrl eompMki^ rlu' uf hiltelmj:. It hoil Lwdnuitidpaled ikitpm- 

vinion wonhl havii to K % iikade during the yw for hotunrtjt the Mukhuo exhibit at 
llie I’aUi'AmerttilJ hx[M«itipsn. A hirgv pair] nf the nmteriid wiim, howEsver. nent to 
ihvSntlh i, nrolbia lntcr-tnlk- and W'^t ImiEin Jvsjjoeitiuti, hut l^lnris the ehw of 
the year the ► utire l'. illoi lioti ssi^ I nn;k in The ol^octa n*[EintL^L dlrvtiJy 

fruaiL I fi i IIllI > fc I'lOvo In « il mainly C0Te<l for hy the tnimiffr EH.-tomye uf RitlMi of the 
le>:-rutile pn-jRn:rsi1 i> \m previonaly iti:*pluy**) t nml hy LalElaKing T (bon^h "Jtly Eetn- 
|M.jrartly. n |iart nf the hvluiv IlllJI. 

In the IHsjmrtiLient of AaLl]fcn.i|K5]o]ry seveml of the-hull* lime Ipleub Eliimutkrhty 
ninovafod, in MinmHbe r.illecilLiry* Itavi^^n rvlmdallod, jinrl mj. wee 3m- Ihm-ii found 
fur u few Urw etbiifjj^ntal gfoilj^r 

AuliiIijt the aiErlitioii*i in the I part u lent nf Itkilogy suw many tlnefy mono led 
tflJerftm-.iiH nf Aanurican tTianininh> and I»luD. n jyart -4 the ilitiplay at thu Fan-Aiaier- 
torn Exp#idon r Hie lonnof Imshvliiig ji Iwrtre ffi|jecsiinE!H *4 Staler m r^i-Skin and n 
hk^Ktou of the Kjuliak \nnr. In theHcaiUs-tsiii-r Sti^unc rang^ albjttod to ri-[itik*, 
lnLnxi-Jikns T aiid ttMhiis^^iiit impniVianeriLn have \»^n nxiule, wvrral uew r iilh^ 
P^vkbHLl, intuiy rum n p!^ri}f o]i:kroa^. hthI a Jinnberof lutvv Umm 

not previously Tt L |irepvnted I»d4ig added. Among the ImUrr ^*-n- a t»t of ibe Kinp 
Oobm make with fleee«K«ri^ n,tprc«mtiof the of an Indian iungi^ a very large 
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A 13 Luzon Hirer Mirtlf, n Mnla-lmitn lurllr*. n Kil^rir» ft]lltrnhxf nniipjior. tho lurj^l n( tin- 
North A rnorimH W- 1 HT |urt]oH r N j voral U^ii* F li^jin b, I■ i^li 3-. urn3 fmjjr. Ajl ■ ■’■iliibic of 
liznnb will Im- aronm i in hhiio . i tin- unit ■ n-i -. 

Tho iieniuuiniit iit^tiaL1iiitii-n of in>*^ L l- in tbr hall rvoimlly to thi* irtonp at 

tho fe^rii n-uil of l hi- Snrftinpmliiii lmihliritf Itsw [nn|Api) r-«ilu- extent of imnmt- 
injr ubniif 2 p 7tfci }«|H5diiu?iiF in 20 of iho Mandat'd imxi** om'ujiyinp —.-vi*m 1 niirh'ln 
mik- hi ibu IllI h']i rj '4 ul tblw sttriwatlontioii littHt^woUiPy U-un mllod 1-f >\*?■ ios of 
peculiar habits tmii lo tbof*- of ulmhi intend to the public. 

To the display of vifrti^nlk fi <“]3?- Lave 3 mm■ rt ri»I■ 11*d |Kirlial fedtt'L'tOft^ of tho hir^ - 

TVwvraifit^rf prurno* and of tho ■eamlyuroSin i]ij|<M£tir, . . Tin {n^nlEuttnli of 

tin' [[ujrh oollorUoU ■ iF invrrEolimti" i i soLilulmf C!i«■ mil cjlhl* "f tin 1 »alh*ry 

In Iho snntheaM 11 »-iirt. |mim boon |inn■(ii~iil 1 y r*.nn|iloti d, This L*>llecti m, i-M-ivi 'l hi 
l^rs, kiMii- of tin- Jlrii -I yo( Hindu iii Iho ri-diin ii ropivHMim, I«i>inj i S[*4H E Uiily rh'b ill 
(TinniilH, Plar-tiHht's, ami trilolMb->, ii.muiimniz <4 tho 1 :m emui* jInuli t.io«Hii nf tbr 
7^1 known fmiu tin- t 'inemmMi formation. 

The 1‘olltviinHR rvlAliiiff ti- phypiml and rheumii! _:i«■ I■ in part r li>ii 

tJniPruipbty nvorl uni Ini mill iwrrunpHi and abmil MHi |iln»inirra|dH, and other 

pirturm illiiHinuivt? of ihm a mihjerM haw bwn plm v <1 --:i the adjoining wall*, Tin 1 
build ini’ h>F jaith-ri** in (111- rtiu- nuido it um-i^- ary !.* o m,nv for a lime 

tilt? rol lection of iniiioruMp which, at tho 4 h‘ nf iIh- year. wu- beimt Mmftulk’d nfior 
careful n>iii>vnt[on. 

/VAfirirfmaA.—>' Tho fjuhUtnt 1 i>tu 9 ir—m-i] during tho ymr ootnpriwcl \i4uiilo 2U of I ho 
rnii'twilliii’ff, hi ii ll ti mlH'rof I^lon^KiiL: lo voliiini! 24, Turt 3 nf [hil3otli] N- 1 . 

nOp BnMrrin N>^ 51, tv, j Lotililioliill [mrl.-* ■ ■ f bulletin Nfi. SSI, jtli-1 r'in-ohif No. oh 
lU^rlptlw of thi J i‘fill(N , lii»EiN {]ln.^mtirL^ ri H/k wolitliortllig umlj*oil inmuiriori, n'ki^itly 

[irefimo?I for diftiihntiiin i«p oilucatiritial L^t 4 blbhdCH i nt^. While iho luintul iL'f^irt 
for HkHS in ei^nifjloti^ fnnu vta# not romviNl from tlit- ^'mrumi'iit lTitltinjjOfBco 
unt]| afror thu i-hnu ■ if iho IlwhI vt-aif. n rtiiuill tillUoii * if tho -oyeml pipen oddupofllng 
it- wiw ili.'ftri hi \l- -^|KLratoH stt :i n ojirliur ilato, 

I to tit 1 tin No r ntl, Hilitkd H, Tho ISinl^ »*f North hi hi Mkhtlo Auionitip' F by Air. No|v 
ert Jilil^wny, i“ hitonrh^l lo mtilaln 'h-H’ri|4i<ifLh nl ill] tho :nnl taifa-^ 'U* nf 

1 iinln krnywiL to trcour tin tho North Amoriofln o.isitirionEp cliht will i , iilL.t I i^l ul ^venl 
j®rt-i or viffmiiw. Part I tnufa *4 ihv flriti^ilLiiljor fwui 2^ cuHvnng tho TantmHiJn K 
ItteHrk'r I "norobitlit^ jinH tho MniotltliiliOp W in pn'w. HnlloUzi No. ol, oniHitfloLl 
by Mr. Ii. L y a Ibt nf iho |tqhUralkin~ nf ilio Nutioiml Miueiitn from 

1K"5 to UHM inolifciliri-niLl i-rinU’-l in tho Ho|-kj1h ami 1 h n - lh^ ami Ililh llo 

imlox by litli^ T3|o addition^ hi Bullolin Nil, SH nn 1 , a n-vi.—i-iI i-dilion m' tior- 
rilt MSIIoPh 11 IHnrlienR for mnl jin*■ rvL tij; xtmly ■^Mvlinoiw of inmiVI 

mimiiualB/* with abstnoih in Hormim r Frendi, and ^jKini-U. ami “ Olrw-iionhi f..r 
ixilhn’lorv ivi Amorim ti bii^kol ry/' hy Prof, O r T- >la?o-n, 

L iitninj. Tho eh h I itSmiri f i s llio Ii Iimry tin r3 is^ tho you r i mu 1 1 #• n ^ I (112 l« m> k* 1 :i, i KS 
paniphlob-, athl o.KSn jHiri,- iif jK’H^lioab. 

RirpOtoiirM *.—At the Pan-AmiTiniri Kxj->ilion Kohl lit Bu0atn fc >". V., front May I 
t«k Navomlw 1, 19Dl K iJn 1 Mnst k tim H in ^Jtijtirirtlmi wllh tho ^Lroiii inniitiititrn ami ir,- 
rjtlior braUobo-, inOilo sm vX ton&iv«’ am I oxi'inUnuly cftiHtillki rlf^dav. Tin* nkuitt 
fmtOM oomi-Hti'd nf a large nuinlK-r of lih^Mis&Hi lay-tiynn- gimijt- illtmnltfl^ tin- 
tyjio triljtsof Amorimn alN'>ritrtin^ nf lliaolv mimTiled ppodmcn^of many rd tho luri^-r 
Atiiorimn tii+iroinak. hir!^, rojililo’, and flnla^ ami <4 iho Hkokt--iH-ainl ti'Hnniiion- 
of jH'VPntl of tlw Lugo f'^il yorUdimtii^ "F Iho wi^lom t'nttid Sialt-^. 

I<poii tho ohm* of thm exfK.n«itlim l In twwnhini^ n ith tin- dm“Ciiom of tiu* Ptxiri- 
ilnnl of i [jo rtiileil Htait^p flmrffnlly Hfteotc^i ^ilkvEhm in mi thpalNive exhibit mo 
tnaafQmd to iJik- Smiili turtiilriiL tiilenstato and Wot InrHan Exjw^lliiiiip whirh 
»^a j iioii nt HhtHinkm on Ihx.-oiiklwT 1, i! n>] , ami mutlrmoii uni 11 Mjiv :tl, linil 






UK Pi sHT i>F THE SECRETARY. 


For thr LonMuui Pundm^? Ejcpopitkm, to he hohl ut Sl LheL^ Mo. r rfnrui# the 
-Iiiuiiier ..[ mu r Jijih tti^mprialed H^‘ r ix)Q towsin! the erection >4 ci < iov- 

LTTirm-ni building and $900^000 for the pruptiatfEM and iu.-talentimn^ mi exhibit by 
the seVera] dcpartmenta and hiirvuu* of tin; Go^nmient. Hr. Kn^Jcrit-k W. Tmu. 
tread cantor of hiot^gy* haw taen ddgnikd Id represent the fnwjtilnticm ami Mi rn 
mi tl]i L government I wm\ of runna^emcnt, -en-ed In flu- wh 4-upidty iei 

HHUtveLicm wilh tins PitmAnimcaii urhrl ffiijrafnii ex | Helton*. 

lb ttpeetfol ly & ihm it in I. 

ItUllAfSI* JtATllliVN, 

JjWT^t tit Si 

Mr. H. IV ii.l5if3 i.kv, 

iVlfli i f/i 'irHi'ri’’. 1 11 /pULOtlirmil, 

Anuwr I, 1902, 



AWENTrtX IL 

REPORT OF THE BUREAU OF AMERICAN FTttNOD'HiY. 

£tvb I Im thy Isohnr to n>|ioft on the lateral ion?- eoudnrfed in the Burt™ of 
A merinin KUmotii^v dimin' the Ika! vifflr eliding June 30, H»li, under authority of 
thci mi of Coci^n^ [nuking provision “few mntifkiihig jvsewrehen relating fu the 
Aiqfjrinm ItmIIuilh under thy dlit'cfktn of I In- ritnithtnrkiun 1 U'litiiti■ «ii, '' apprm+'H 
March-I T ] 1 nJ3 = The Uiwli w tMnricd forward in aerfifdani-o with ll iu- formal plan 
ihf operation!* i<i l 1 stiii i 11 ■ ■■ 1 oil May 20. HBDI+and approved by the Secretary on May 
23, IU01. 

Kirh l Qjorations were conducted in Alaska, Arizona, fiffllElli roltlliibiil* (VltI fori Inn, 
Grilrtniih.ipi'liitmuhiu i Meximi, fmH'nluni], Indian Territory, foum Maine, Mhooniri, 
New Moik'ii, New York, uklah-uiHiL. Ori^rna?, Forto Kiro, Tit-xiL-. and Wyoming The 
office work covered material j^tthi-rvel from nvort --i the Shu > ^ and Territorkw, :ti- wHI 
a* in mi vririuttH other |uxck of the Amerinui bemiephtiTe- 

FlVlfK Ol' TFli: WOllB. 

The ft^efcrehcrt uf £Iji- vvhi wn^ roDdartol in ju^nlstpit! with an ethnic system 
«*t forth in the earlier rcpurtH. This system tuny foe ifvlbnd ns the Sricm-c of Kill- 
nolo^ r in its miHlem Although based on iuv^iiglUfoiiH ill nil the 

world during the part century. the HVHh-tn b> eraentully tin? prndurJ i if the r«.— 

In Aimriiiin HllllHiWy dtiriitg the laH two decades of (he nilK'kfjilh futlttiry Now 
ib-Li the i-yrteifL ha* ii^mned delltiita form, II affords aluundmioifc Mol only for future 
iwnrvln^ lint for applying tlir principle* of flhinilnjry to p radical ^UcHtfontf, 
AremJiiitfly the work of the year wits gradually turned toward Ibn iN-jidn^lim’lly 
oa fiurollniu* fcif public inten~L 

Among tlie lines of work in whiit tuny ItemlliNi Applied Ethnology ► to which rj^ 1 in l 
attention I ■LL - '- bran given during the year, two may In> pariiccibirly imwth'md; 

1 . / k A>rorof rfforafo^hr.—On ilir lontitutfoit of the Eforam in fo7V* tb<« Jiinwhir found 
tbeHrien&g incniuplcle In thill it dn*U kfgyly with merely ojimihI ptayrn ti?rirtie»uf 
trlWttnd Mid tbi ^ nlinl diimiilrri^riL^eKprrr.-i-.l in the uriivilLL^, 

or the doing-* of people- So, special altrisTum wan given tn« the habitual dolu^ of 
the s-evcml Uita studied. and at (he outsat each wilh regarded ih an ai-r-ivitai] tyjw? nr 
theft.' wrre Elicii H i.mTainil, mid in the Hght of tli>i? l< l . opaffsnn the sirtivitiefl 
theiii*<-lveil vr*ttv Einalywl and afterwant irr>iu|n. .3 HyufeiuaHotlly. h in thin wny 
that the rt j 3en» of d«nun«ny. ^Ith its fnhrlirkiimH < l Hi relating t-« a flreup ««f 
artillte 1 , wiL« developed. Now ihi^ ^ r nat wiemv, ileahn^ it does w ilh the doinu^ 
of mlwaftod nw*-#, eaeh regarded a? a typical pmup, m i-im-ii ally ^niitied to tln- 
nrtilleia! nr Hde of mankind; it barely louche the rmhinil i^r jdjy-k-al 

attribute-: yvllt h for Hiw^ifyu^ ile^ altritmTe- and meaEor npa; the 

inlluesjce of lliv tiri»e fon*^ of clBOPDfU 1 activity hi Hairing their developmenl. In 
other words, liui tsirlii-r rtlinol-(3»y dealt only with fealnri'si and trait* inherited fttnu 
pTchtituElc aficortry; what Sony he mUlml iln- Ni w Klhnolo^y ilealsi with those trmt* 
and Iminan (hpwit^ !>y which mankind in d sihi^ninnil from nil nther oiganisiuR. 
Tla 1 O’-iLindie.- ini Unite that nnrh (mi in mid jHPwers, -n-ti featilr«v and fa Mlliiv, AO’ 
cnimeetiNl with the nominal development -if Inli*- nml and are, indeed the 

e^ftndal fanttom in 1 ha growth of vtitfmka. Aci irdiogly It li-^llI-I Ki^in that the time 

m 
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\fi ant hand tor applying the principle nf the New Ethnology to American aborigines 
m cthfrfc iii-TiHtitimit^ r.f a growing dli*eu?hfjk Tlio Ap|Mnn niprir. s », *tntLrtwsi:| 
study of physical chAr*ctorifctje* r blinding viability, Indus! rial aptitude* etf- p of 
typical J m 3 hvn trib m, together with a similar Htiuly of bloodi*, uf nicaftUu^ 

botli wndimtci] with a viow nf comparison n itii and ulftcr ethnic norms, 

f ha importance nf thh line <d inquiry U augmented by the fact tbit then- nn? no 
ph>dad utaltetU* on remrd of any Millie uf our parang nuts availed dr fur rNiupariTig 
htjitiiri,-. >frungiJi h endurance, viability, fecundity, unci other pbydeal Allrituites* with 
those of (aiicttHians, either with ihe view of gratifying tair instinctive desire for 
knowledge nr with llw object of denying useful information from she experietirt? of 
r -ther f iples The in i]h irfanct ■ r if iru j i ii rien ituneertiing u i e*l i 7.1 is sutli 1 ii > 1 n I y i eid b 
L*t«i by tin* history M u iwightmring Kepulilic, wbcee pri-Hidciif is at iouv a ptyulnci 
of the blemtol blitftfl of the w3fctlc and red nu'e. And one of tile foreiiicert unning tlit? 
worldV national leaders. Singukiriy, there are no trustworthy recoiii* <4 inert ixos 111 
this country, though their munb-r mini reach some 30 to 60 per^-tit of Hint of the 
pun>ht'JiHl Endian [Hi|iiilaliom Xnr Snlt to b- forgotten that many id the [-metical 
problems munerted with Emtnigmrinfi* Chino* oiduMuii* the occupation of Porto 
Jiieo P Hawaii, am I the Pbnlpplfitsi, and the educnritm of (he tutored mix? cun lie 
finally w:ilyisI only in the light of ethnologic principle*, whether these lie dcvclojied 
through slow experience nr dcrirod fmm sdentffte researches already nd varied to 
the applicable rtage, These imd other weighty iM>nsidenitEonr have I id !•• the 
mniignmtion of researches in physical olhn.dogy, During Lhc lis«d year a series of 
physical m i inis made by I*r. Fnmi Boon tun ring the Sinuan Indinnf, with photo- 
gmph* representing the physical tyjs-, was accepted tor publication, 

3f- Aboriginal attnumicM -—It is wed known thul ulforfgfruil America gave the world 
com* the jHibiEo, ccrhuu IjwioS and squashes, totjoceo* two variotloa uf mthm, and tbe 
dnmcrtk turkey; it Is not s** well known that die native tribes otUtteri vurieus uihur 
natarai whudi might well 1>u Liitnuliircd iatu lho nUotnry and common of 

CmDctEun peoples; and plitl lew ih it n jiIi^hI Ihnt various propanol food« In ImhiCua] 
by the Amortnda are of iiusurpaH^Hl exi-ehenee—fur white survOtaFh and hominv 
have ffiinu into gutwaJ iwe t the fur pui»erior pi nolo, totunle* and jieiimilian are univ 
locally iiiFi'd by white* and many Hither desiralde dkhe* art 4 entlrdy noglinttsl, 
Whins the Btfffc&tl Was iiuftltiitet! it was a ismimon inspn-ssinn Eitui the nhorktueB. 
Wctv mero huntsmoii and firitomiMi, whoat^ Jiabim werv ill tins highest degrov vfekuis 
and iiiipnnvjdotit; but as the human airlivitb^ w ert* iIvOeusI mid theaborigltml imhis- 
IriCH were Euiuptcd it Umm 1 niHTe und inorr 1 evident that many nd the trila^ Wi're 
H^t^titmily Agile lilt urul, and Hint nil suMMed in 11 inch larger iSegree tliuu eotnintniv 
-nppi-ed Dll the prodtini ..f I bo s-'d, As rvsCan'Iu^ prcvres^sl die Km;^iiiuir« of 
variotH ulKirigiind fi ns.l »otirw> by the Aiiglo-Saxmi Iw^anifr di^ar, and iLt 

the^nnetime it hbeana^clear that ourjwoplemight Iwuti much fnms them! mueon- 
cefiling the rimpleragrimlllira! inidhorhiand tin? vnyn of bringing planm«unl ciiilniEi]s 
uinler ciillivalion and d.iiuestiaiticjn. Thi^ maxvw *4 the naiive in utiUzing natnnil 
resooiucs in w ell allu.il rated in the arid region comprising tbit portion of ibcmuutry N(ih 
qnsetflod. The traveler .wer tin? piitn:ii«rt1 mil way from u few mikn westof III J^shi to 
a few miles ™t > if Han Berttunlino ImVcm- n kouo efuppnfting n tfeiKurfiui jH>piaCn- 
fioEiuf some ^3,000, wilh piThapn lia]f m many ludkitu; ibo Raim iune in 

mins of aboriginal dw-eUingK teaupli-s, uceqtiia^, imd resiTvnirn, attesting n i^puh- 
tkffl fliliytcn times gsvuter during the Agricultural period antedating the a girlie 
ware of the Iasi ei-hi n^r len cciiiiiibti. It in highly signlOcaut Hint our lenst- 
populated arid dLstriel.^ in the Southwest arvlhr^e yielding most abundant evidurn.^ 
of numerous populntien during pmhlrtorie tfmea. A ^ itu: example may T* founrl 
in Arivnm Volley, Ariuma, witli a pr^ nl popuhtfton of 3e® iluan tub; yet om of 
m ven pmhlstorie villager within the volley eoinpriwm ruins of fhom Ilian 12ll >hu-lb 
ingr, with temple, iurml, -ladiutu, and plams evidenily m|instmtiug tt |s.puhnioii 
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of fully (10(1 for fhu village nnd 3,^X1 t-« S.lKXI fi*«r the Vit3li-y. Allhongh the dcpopnlti- 
don in the prehistoricigtt, through wars -till hi at the lime of dmmv- 

«!ty t the libtorie |w k riod hay witnessed a jiartof the change: fur il am nol In- doubted 
Ihskt t'ialn /LL lie VfljCOt rep.iuiihip AlfllVfflJ, mid their follower* nw within Eke ione 
between wralom Texiu? and uarfum California a b-ai tw ii-n- or thrice the 

aggregate now MiJwLKijny within ar T and tills despite modem niiiUiplIitidoii of imti^ 
irie* fcnnected witb mining, grazing, atkd Iraii^rtatinm The much— of thoa^i- 
riginul hnabnnffiiuiii in ihit* region w«^ jmrtly due to a xythmi of imjrttjott j*o 
■ iktsklcrv thnt modem fonnotff often profit by the prehistoric ditcher: yet hi* chief 
iblv&ntd^cfl grew mil of n mujr oceflmtdiiil adjustment lietween labor mid produn?, 
beNInjf now nt^lect^L Among Elie ncglKiiXl tm*ja plant* ore vftrimfii nwtl 
(locally known as tia#noro p piiahayw. unpab eugutsat, ffted. whw fniitn snfliced so 
siijij-Lirt the entire native |iopiiljit|ija fur *niie iw<» mouths uf each year, though they 
an 1 never used by Anglo-Saxon hutt'li-ra. These cjieli are pu d mis of the desert par 
exouU*nro, adjrated to their habitat during genk^c ugr*. ond t in s^wie way not yet 
made nut* deriving their vital energy chiefly from light; and they give premise that 
i unions exterminated hy vunriilL^n i they will some day yiehi to inlclligcni rnKiuv 
tion llijhI add an invaluable r^nnti^ toiair arid dbrtffcbs The researehi^ i^onwraing 
ultftrigmiil fi nnI wniees have been r»njpl^ with dlhrtBttiillw in native ^‘onDTiik*, 
including those jk-rtoinlng to texth** tt*d for Hot king, birch k*rk used foreumi* 
and hnbltctibii** the making of Irakefc, otis In tim^t ciises the immediate turn wa> 
lo record the primitive ciisEmi]* and Hfttoaffacf-iitrihiiiinti !■>■ knowledge of a pjudiije 
nice, hut the iiivk-slfgatloris havpiTranherl the stage of yfrMEnpuseful IchsmB t" the 
whiprrkir rare, Ah ajmoukirtd in reports pndLirtive ntndlun of the kenning 

of agriculture and xixptiflUiitT luive bent ou mine led, During f IJ4-* [mst Eiscsd year a 
memnir i.-n Wild Rice, by Dr + Jcuks, Iiw 1?reii ptildfeliech with h ui-w >4 dirtH-Ung 
attention In a natunil resmirre giving prom lx’ of value to imdem agiiciilititw; t>^ 
Uu^dl upt>tkt ihe groMter ]iarl of the ytsir In aeritkml slmly of a lyplrttl trjtw> «f the 
ariil rtfjtnnitbu I'inia Italians i. imd ha* pn?|iaftxl n ineinair on thnir imlh^tn^ for 
early publicationj a Hj-stenmtie inventigaiiork ..f the hiisdi-hark imhi^tri^ of the 
cd n srigirii-ss wan taken up by Rr, Jgnk>: auirl hr. 1'VwkiT devot^l a |mrt of ihc yiuir to 
a (p^Hnl rttuily of the iborigitHiJ evonomy of IVttn u iih lartiiiiltir referemt 1 U» 

tile ftrtifiUTtrf and i'li^tnukh^ s^ti]I eitunt. and giving promise of iotrm- vnlne h> Ihfit 
newly mY|tilted territory. 

Kacept for the divertioo uf u portion of lire onergieH of a few ^dhii-inrniir* Ui the 
appLi^tionH of ethnology, the work tm been vontinm-l nlcni^ former \lm*- pmh a- 
bendofcire T im^t of the coUabontloi^ have Iiecn otnploye^l partly in the Held ami 
frartly in like tdDcv* 

The ... th* works which in slightly uitMiL&fnl by the tip^ft-iitinra herein 

Bet forth, iLkiiy In dclined m followjj: 11 > Fhytdml dmtm uirwli^ [imdudin^ the 
ilmnography of tho native tribes), or ^nigitol^gy; (.*) nnmSul ehaioctonrthas or 
[iFycbology; (H) arts [inrluilaig gaim^ r aporH vtt \). or tsthehdLjgy: ms {ntliutriu 
(iraltvliiig e^niotnit^i, «.r totihaology; (fi) law-s or todolotfy; Mm tanipi^, or 
phi luh irgy; mid iT) iiiyth& (trtgvl bur uiEh nttemUmt tTereomoie* inn I other ol^en - - 
or s;jphiolotfy. CLiKtonutry attention h ms \ieen given ah*'* lo geneml ami 
ela^Mle work, U the Hiratmtlan, ^liling, nod ptibliintloii ipf n-jK.m u* dlMlriVntUcci 
of the ptiyinbed mctleriiil. aral to the ancillary office, vvi^rk. 

FkKi.li HcsiiAJisTi tsn KxPteutATifw^. 

The lhnicfor^*ikt over ilim months in kUine, enpOp^l (so far tu^ inipfiinnl b&rtllli 
permitted ) in re^ttrche* among the m.rthe^ti n] Algoiajuian Indiananikd in iwiniig 
hta ein^iilLatory writing dk^igrn^l fur the gnitUnCO of opeTwtioirH in Urn Bnmia. 
The |]ugn^tieuml other material obtaingd fh>ni the Imlianr wsw nlilir^l diredly in 
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the more jjencml work, hu-hiding the lingniutir riftssufiieflttmL di'arrthnl in nthor 
jWgrajibi!. 

ALlln>Ll«£ii ucrLEpied i hli-lly in tultatM rathe work, the Ethnohurirt in 1' t jji ri_^ ■ eiijmiEl- 
li n."C!x>i3 imir-univ li i WLtti'rn-itmtnil 1/nlonulo early in the ri^-ul year* diritlogr utLjubi 
unhiiolugir ln^ilim^ notubly in the vicinity of Pueblo* i '■< nt- ^, tuid I mane the h mji- 
'litinjifi affecting tribal moventcM- * hiring pTohirtoric tiim- alHH.it (hr Ihinlrrbnid 
bHw*i b n the steeples* of flu- pliim* Mint tho-e of ihr aiioim imux iLini platrauK 
(■n Aujstirit 10, Dr. J. Walter Fuwken i.rtK'ouilpd to ^juthem l nud tmi ihnni 

New Mexico for tlm [mrpo^^ of extending un h;rol(^i^ exploration* in dutrid* hith¬ 
erto iLuniiNfimtidy ^adia-d* He- o]>erfti3oi]ti were extended roLiThen-twunl through 
New M«xifn Enin western Tfsiw and northern i'liihtnhuA ; in the latter 

Stnte In- made the iuoe critical rtsidy thm* fur attempt* ■! uf the a>xteiurivk- prehistoric 
rtriiis known a- lau* Cam* Grande. Throughout, he lamili-extended nutes ou ilic; 
rumviiig srsi-HL^, nr welt a* on the various typo* of nam- ami oil nr relic?, uf whkh a 
carefully feidected colltJctliMJ W lls t►rxuljrhE. in on bln return to theoffice Oil XeveiniHT L^ 1 . 

<>ti April L 1 * Dr F*>wkis billed ter Porlu Jtieo h with rh«- -ibjeH nil making -ml:, it 
nsMHbmii^infi-ipf (tsis wnd nadglil during idiimlr mj< ilii^Iji .-ktVO to lhmw lijfFd on llntet? 
ill w*rigi iin] Indurtri^ gtJjl ^arriving and giving j.ruiui:*- ■ if utility, and at the Mime 
linn 1 fnnn n lias* for a more extended luvredigutLiHi during the current year. 
Although nam-ly c* tomb'd Ficycinri FWto Him, lib work wm* Hutve^fnl, yielding 
materieJ for u apodal rej*orL llu nturuHl n« Wit^bingtoM find lh-i*»n tin- prvpora- 
tion of thin report ju-t before the eh^e ..i tins tin^l year. 

Mr. Jaian-r Mooney ]i-ri -m-i ted r *ei BepEiMtite-r 3 7, In She ImJd in Ofcteholyiu and 
Indian Territory. wino- he resmamd a special tnvcjLigxtlon id the herah lie Hy^tonis 

employod Ell jLLPiig the KlmwUp Ktewa-Ajoiehe, and L 'hcyeMlC irilu-- l ib? work aui- 

tinned Mmuighcrtit the flatml yiw, yielding the greater purl of the malerlul n^jiumi 
for an exhaustive Euonogniph ou one of the tnon Interesting ctaatomBof the Amen- 
L'flii alkorigihee. In i -onneetiim with the stivJv of theylevu-e*, a coftihtejrahh- i.Injec¬ 
tive ivlIedioTi wjl- Ijrooglit mother for pn^rvaiioe in she National Ml^uih, 

T3lo.mil; hom she entire UraI year Isr. Frank Eu^elL wJta in the fiehl. ehietlylit 
Ariioni^ though Mb opmtionA extended Into New Meximatirl ( ulora«ln a and^lmit 
the cine* of the yenr Into the Alm-kwaki InihitLii in lnwn. During i Fie t>nriser 
month* he made ufi exiend^i ari'liiffbhi^ie mxUitUiisranco of the ujiptr Gila VoUov, 
pUAihing hba journey - -nthwanl to die incenmtionu! Itouidary, w-H^tmiol |o the 
umi already wver^A by other oollalwratof^ and mirthsvjird to the InmE. r nf the 
pkteau country; lbunco thu norvoya were extender! over the pliite.iLLs Into tVlurado 
and N^w Mexico fi^r the purpos-e of iNnupating the lowland untilpLatirs with tho*pof 
the hi^hlimd-i. 3 Pairing winter siiilI spring lie Jikiiu^I in the Pima countiy, iLLwr Suca- 
to*4 atl 'd ia-LHsri a ►yfeternatie ^tudy of the induct rial aiad other ctlfll.^ena of tin? Dfnui 
trtbe* Tlie work yielded mtteribl for at sfHXrlal o^Mirt oli tins tei-hnoloj+y *A the trilte 
and fora man* jjenend monograph on the hWorie are I prefab tone iuhaliisnrats -d the 
t iiEa Valley* 

On CMciber ^ Dr. Albert S. ( ianudaei rvswirl'll lo Indiiin Territory for Elm purpose 
of completing hi* Peoria viN whuhiry ui 1 1 1 graamnar and making i inmate n^ areheH 
maanriL' the few sunrivof* of the i^eoria tafbe. Mo wuh able to perfect lib n*enrdff of 
the hmgtulfpi of the triln- during Mm- ensuing month ami bring ho* wort l 4 i usuolhth— 
ftil dose aU.uE she middle "f Dvocnilier 

Tie beginning of tin* yv&r found Dr. John It. Saimton iMaguja-d In o^Lrohee 
Ldju^miiig the language imst riH-ial orgtiaimtion *d the MhIeIu IndiatiH in Uritbh 
Odninbia. Thfa work rominu^l until September, yielding volstmiuou^ aauiSerial hir 
pii Mi cat ion It* future n-\ Mirt*, Oai September 30 ho returued to Waahiikgtuu and 
Ih^iih prupuriug the material for printing. 

Under the ItnmHiiate guidunoe of Dr. Frtux Btxw, philologist, Mr. tL II. Sr. Flair. 
- lS - *l mai tll s > Ein-t three montha *>f the year in UngtiMe r^-an*hi^ In Wymuing 
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jLKulOn^U, In Hit" funner HtiEU 1 ho lull tcronl -<f El w fuvatl ®h<whuni dialect, 

and hi the latter lie- made a partial cnltertlnin -if the Icxir and gnu lunatic material of 
the Waskr mu id Piute languages* Under similar gmilamv. M r. William Jones madu a 
critical _-tii.il y i if the Murkunkl language in Iowa ami Indian Territory; and Ur r 
Uoluml It. IJ]Xi iJI Won 1*4 ihv UmpDiifcL'i !- ih' 1 Ile> M:L!hIh 1111 <1 nElii T irilu-h of Ilirrth' 
eastern California imdevfheMfflpkvs nf l he America h Mitscom af Natural Mbbiry p 
hilt wjlh an iimici^nnLL'riT ( noted d^whera) hy which the material ip aV#ikbk LIL 
the Bureau Wnrt. 

Oil September'S IW. W. II. Holme- • -f the NntJoiml Museum, ami Mr. IK* Lanrey 
tlili s of fbe Bureau, repaired* trader Um aiuptiw of the Itvinmn, to nuttJiLtfliL'ru 
Itidliiifc Territory for the purp^nif riiuubfii}; a spring ropitid by a flCartapondmil 
Id coutalu abundant Iwiifl am! flint implements els-, ciatdl with bones of both 
tandem and extinct urriinuK They wwsiirxwM In Litaining i I i the flnreaf i til lec¬ 
tion of mtinmoth teeth llm-n far inftdo fn America; (-1 one of thefinert coHerlioiifl 
of mastodon tenth ever imuh, anil («ti the mort. striking collcvtfon * if chipped arrow 
pointy hunt 1 header »'i*l knives Xhm fur made in a single locality fn thfrcuiintiy. 
They verified [hi' report**] imHadtHlim and w ■-ro aide to identify the B|»ot Jl* an 
alwjriginn] shrine In which the attention •*■!" the altorijrinv* \\u.~ probably directed by 
the ^iganlic teeth nrwl Innra of exiinct animals, and lli which racrifloes werv- mudo 
through sH i >ohd general man. During the matin’ trip I hey visited Kimnrewfck. Mn., 
where aiaft huntaii Nifflarp reportel to on-urln o^M-ilmion with bones of extinct 
niiinuilK* Toward tin? clo« of the year Professor IIoIiih^ again visited thb locality, 
and, with the pwaataiire of Mr, fienird l-’nwko, made u i^iL u i<lL'nablG r^lleetkin fur 
pffwemitiM in the Museum. 

In November Mr, liulicrt £icra rvtinmml from a two your** alwna? in EHetimwe- 
Du id I and ii.imIh.th 1 1 rn^iiliind. w heiv* umler hiciiiticH uHiink" 1 by the Bumm, he 
obtained ethnologic ilniu of interest relating to the northern Eahimn, nr "Arctic 
Jlighlanilt'rH *' B^idc* el small objective collection de-rigord for pra*.Tvatkm in the 
MiiseniOj hu brought in the wands nnd mnricof several which servo in i^mLi- 

Unh ttui txislm? of jui archaic iangnagO among iln^’ iieople, nnd nl the same time 
tv demonfilnito for the drs?t time, und dt^pile a prevailing opinion Ihi the contnuy t 
the +;MLHtcnciMif it Hilncial cult among them. 

Under a sped*! amngaiooutt Miw Alice C. Fletrhor vbihixl OkLahoina t-arly in 
the lifcal year for the purpura of verifying ami oxtimding her records of ^rtsnii 
l^wncc ritEialH desigtied for pnlditmlioig by the Bunin, fjitcr sba employeil certnin 
eged Pawned If llIeui-l-^ tu R^tc the avncienl ritnab in mich manner to permit ihi- 
mnking of phonegimjihir and other n^irik 1 ler eflorls have rmiltcd in unique 
GOtitrilaitlens to kitowMp of the csut«fic cnstceiis cooncrtesl with liLinifni racriflcc 
and oEhb-r riten In pn^GblarnhUm Uttlea and s^till surviving in cmblcinalii- feran A 
pari i if tk niaiertal hns been iaoarpcjrutvd inn inniKi^raph on the IJako riliiai 1 fonn- 
ingportof the Twenty -«?cuml Anntml FU^porL Al^> under a Fpeilal amuigein^iit, 
Mr. Will in R Evwtvttn «ut in useful mcntila dom^lai the AthapoRWH trilwsof 
A Io.m ka. 

ULEring iho earlier purl of the yeur Mr. t>. P, Phi Hi pH was employed lempomrily 
in making aictinn pictures mpmNmting the InduHtrio*, aiinuenicntr, and ixircinonici 
of the Pueblo und other triUv In X«-w Mexico and AriKurui, The object of tlm work 
was lo obtain abrafrftdy tm.Htworthy records of alNorigitud Eiiiivitk^ for the xm of 
nit uiv atudehta ieh well hs for the verllicMion of current non-s on flJiiciaJ dances and 
other I'eivinolikw Despite mriiteniff fn the nppamtns, the wnrlc was= fairly suceera- 
ful s yielding atwint a ilw kineto^iJo ritdmtiH in addition to about a hundml 
excellent phoU^nipht made by Mr. FhDTi** itt cutinEiciion with the motion pschin^. 
Tht apparsuiL^ was .kindly tuniiahiTd in the ititervsts of by tiac Armat Moving 

Picture CompAnyt of M’aabington, 
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Tluriikjr the later imjtiihs the year definite steps wen' taken toward systematic 
record mud iuv^gntluii id the physimL rliiiitieteriFlii^ > >f the aborigines. A puclena 
warn already ftVsikbk in the farm id an oxietnled aothm^iuetrie reeurd made by 
Ur. KrtUitf Ikne; woumg iJll- Siouan Indian** several years ug«* and acquired by the 
Bureau in lliUUi; und h wa# 'leech'd \o pn. k |w the imilti-r fur early |mMi«i£u .]i, partly 
suh :l reninl of tile physinil chnnurferistira of n typical gmnp* ptrtly ilh a wnalel for 
future work. Jn enter in etihiinn- the value of the puhlirarimi U was umn^l in 
have l fc r. ] prejmtu an ImuNluctkiEi treating of Kiiruitoh^y hi gencm] terms and 
to have Mr. IV 1-niiqey 1431b thf* i Ih L-t niter of the Lturvuiu prepare suitable illustrative 
material from the photnirnipldc negative preserved hi the ollk}e. The m^nmir is 
well advanced, l^n was not quite completed at the rh™- nf the year. 

For HJtne ywa ptisl phoio^rnphy ha* lawn employed in the Bureau in nseh a 
inuTiTier llt« to yield iweftil intlmi|Kiiikdri^ dHbi, Thus p in dealing with the wilder 
tribt 1 ^, w ho would rii-isi ordinary physical mttQSiiremMits on li«luirj^l brother 
Ilh- colklblirtthire have iuiu. 1 l* ii EL jioinl ri■ obtain yroup pliohq*niphs with the lijipjrra 
•4.1 pldCi-il ilH Ell penult llirLl-urLTllrBlt of Mature Mid i it |n J r ph VHHld I'lelUeilts ITI Irmis 

of el know 1 !] unit figure iiitnahiei-il Vr the pm^*^ • iuul f similarly, visiting Itidiuiis 
phot ■ irr.t plied In the Bureau hdsirtttery have usually Ivan >-i plnoed with rt-^|In 
Imeks*niiiinh au-l other objects sw to i sennit physical mBMurcnient* • if Hufttdciit 
tmr nnuy ter prai-Eii'iil purjw*^’-. 3 Ms ring Elo- juls! year "peiial attention ItOS Item 
given to pin'1i j l r rupbtng Jtnlivilf(llUw In.vXAct |HiHiuEt r prnlyh% :tii'l full fje-i'. with the 
view <>f penult I mg the extension nf 11 j i - ll- iir n ■ 1 1 l t *111 lo tln> facial iiiijdv t fcurtii i>£ erjuiiiuiu 
Litnl other ^iul hr- ij-^iJM-rrin- element*. Tliw vm done! nut only its the ■dl'n , i - 1 IniLi.. 
somci-vteut in the Held,, e-|iei ijLlly by Ur. l-'rnnk RiLsnell, who made ii targe tminkr 
nf profile jiehL full-faiv ] * I l■ 11 - ■ ^e:l n j 1 bnf Fima Imlknit Although tin- system b not 
yet ] Njrfei'trd, U gi vl-^ | ■nTtibe of exeeltc ciE results iu * the UUSCttHstS in <•> i mate logy 
\ i-rngri ^s. 

Yjuiinis rQllubuniinT? ^t' the Hmmu have Ltollnetetl ewda and other -mnniic 

materiid in rritiiwtion with tln-ir Held lipemtion- For . .. y»-sirs tha niaKfiuj wim 

|nn-served in the l T uiti'fl SlaiP-^ Army Mi^dieal MntKiiin p hut it has now lnTrt Iruiis- 
fem i d Lo tie* 1' ti i i ■ ■> I Stair.- Niiti^Eia] Mu?k j IJ[ii. when- the i i.Lrrenl * hIEh'IIooh nf iIlm 
^ dinlN>mtom are mov na'nbrly sent- Ua the nlisemv nf aftes-ialisia ii. mmiatotqgy 
in the Ituri'au, Jh irliiuis of ita 1 Himatie mnttTiltl have lua ti [ilitH.d dimisg the Iil^I year 
m two Jn the luaJnlm of raperts imt eonmvE^l with either fkm^ati nr >iLeH«nm t for 
invi-fCLgatieti; uml it is ll pleasure hi aekmiwbutge the snrvfeu rendered in ihe 
]tun.Lin in tbtHi way hy I>f. G<sorge A. Uon^ey, of FieM rohiinhinn Museum, Hud 
Ur. Ales 11 r• 1Jii*k:i , of Ilie AmeriL-wu Mu-emu nf Xatiiml llutury, A pHuviBiolial 
arniii^tuenl has heed made ter having such work done within the Burvnu hereafter. 

W'iUlK IK IMt1JliUWiV T 

Elir '• in ii■ yearn |klse llie I.Hrovtor has given spcdal attention in the mental fhunu’- 
leriiftics of the aborigine*; and during recent months he has formulated a working 
systeui of fisyiihology adaptwl to tha neoik «if -qhmdogic Htndents. In jisirSp the 
n-sullt- iitv emlKiriUs] in a ^erh'H of hynthetk iiulfliiea of elhnologac adduce designed 
for ineorpomtion in aUdcsseivu nqiorts and priul^l in yomewhat ahl>rvvlitial prelim- 
iruiry form in ji h+ndiiu' jrmrmil (the Amenc'un AnthropetqgtiiO for the purtw^ -nf 
elii'Uiug suggiathms [reui enntempomry ethnologiAb? in Ihis ami other mnutries. 
An lil^Enn'l i d tine priiieijdi 1 - underlying tills with -. f.»r ihmr|K>ralion in 

ihe present re|Ji^rt r wii^ prbttcd in Deceiui»f p under the title "rlfonifteatirin of 
the Bdcnccs." 

In addition to his duties us HthiiolD^iaMn tilings-, Mr, \Y J ^fH.ii^ mnlmued the 
u|>plEL-mtiHKik ihf thi^ pfim-ipUii uf j^yrhidogy to the I’unvni rmwirlnv. Two znelhisla 
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of j^yrhologic inquiry luivts been dumarfully pursuied in the i^t. W hUe th«*»* are 
in h ii i ii i iLegree judithi-tir, they ul-*. memorably represent tfhijge* m the d^vdopmenl 
tl f kjyjwlepJ^, Tli.» (it>i method tuny !*-■ delink :ts that of iiitrtjfipwtlon ; th^- wmi 
lw tlmt - ftrjpi nm^oL Ihiring the part decade the letter luiNsittAUM.il pent y^ir, 
and dojpgirtms-n t^ of expcrimcii Cal i^Vi hol ^y have l^neu tmi It uji In several uuivarah 
tLr- Mild vullm^H- Thu two mothod^ r more espedully ihe lunar, affutd » Foundation 
f„r it Ihihl 11 1 Lit In ri i ,. whbli is alone available for the windy of lavpn moh oh 

ntd-*, natlmi-, or entijfegrtoplea. h maybe defined rs lb* hurt hail of direct aWrraiton 
of noniml interflaitiw. In ptuvuinic thin method it fa tu^mnuih mi the bwitoofescjiun- 
nn-iHid E.^vhid^y , ih.Ll |by *&*1 net* nn- c-■m-int.-d wStjb mental action*—III other 
WlKn b h i hut human thought and human notion imi ratontapenifrnt. Th* irf-n^nLiinn 
td Ihbi simple prindpto:*emavu* the need for a large pan of the detail work involved 
in +'5jri>rimEiitoi psychology, for it permitetlio intorpreliilion-d hientnl dkan^teraticf 
ip f iodividimlH and' gtoap* from their habitual or normal actloim rsNher thnn fr-mm 
repetition of special uetiuius in n pn-aimuiged For thi* m&Man it h^nol Jntli- 

ertn lmen deemed jiw«ry to imnwiiuv psyobfinietrie work In connecti<m with the 

i. 1 1 1] L ..|i. ivw-uivhc-, il^nl-^Ti iitU.nrnii Endian luibitnend artifartiHweraing to afford 

a ^itLdiuii.ry hidi-x to mid mi-Li-oo- nf t I>h- al»odgfiuti mind. Eli in* tt-Jivm] flrtpMi 
the pritiriph* may to- arid to have Iron e*t*b]fabcd early in the hi-bory id the Korean 
thcmnrb cit*cmUioiu on artivital coincidences which bavo sitin' l ■« - =■ forumlaird 
in the mtitpffolienwvi' tow of the ru^^ioaivity of Mind; >i general iaed, the j*rlii— 
dpto may tie regarded n.- the keynote of eftnic n'kiitv* the none when-by 

tfn- i lmnirtoof id alt nn^ may lie interpreted. The ncogtdtion of the pfind- 

j. U. H.'rvr> alnoto explain mint ttftablfali the sequence "f stupes in human develop- 
rn+'iit inferred fm-m nlwt'rvuth'n- on many penph* ■ i c. h from ^ivugtiry, ihmigli 
luirbLirbin and dviliatioa t hp ta enliKhliomimil). *mw ll Blma^ thui nidi tratiHstloo 

1 lie |imdapt of niitmltttwfl e.<|jfcri«ni*<'= 1 , kUK a^iinitai^l and iippH^I through 
LomiuoiiplBi'e habile ndher thftli thn.n^lt nl^tnsrt reUwthm -f^r in all tlie Inwt-r 
Hiiint^iif human pmtfniSH the mind lwrnm-ftMin iln- himd. ru-iMii-.Liily tin- 
of - nkisrean- delimit h>q the h>m* of >*n-ial Hh^aniKiLlion, tint they limy K- ikdiinxl 
iietkdy «H ninvenlmilly In U-nn« of iwychie .levelnpment So driirod, prbOOnlkl 
s^vu^TV In nut turi'i.dy the ill ivhlrh the law ri^le ^-n mumnuil k e i i 1 1 £ |j 4 I ait tlmt 
nf itL^inetire imitolion, in n hinh fc-xjN riuiin- in j^meptive mthi-r than ap^nvplivu! 

w bile knwlede* fnrn>aHes evident mther than d^ipi. ^imilurly, Inrlrn* 

ri-iii id not mdv the uf L «Lli>ranl kindjip an>l i^driareliy. hut that of awnfcvnmii 
iipp r.^.iion iLiromjwided hy diirtnU and dnn-l of nature, in whsrh kimwkxl^e l- 

^imtilab'd bv notionn r.f divinatiom with ... guying phyeind "lowly ^inu- 

lannl in oon^unu oipenenee. In like manm-r ri^Umtion u not iimply iIm- *bip; of 
liffl.a^d on b.rritoriul ri^ht, fall Uint o! Iiabilmd dL^overy. in whkh m-wdemnd 
fa, ^ ;m i-onKwlldlv |M-mdwl and iitihwd, ^ mdi«3iienno m nw nmn 
Ih:.n mere m.^oitionof inAvlitual righb » the l^iflof law: (ir it la tbi'fltipaf 
invention and of the union of Indtvidoab for «mqtte"l over nktnn 1 - thmuirh the exer- 
ebe of definite previdkm has^i on Kdimnbtod flXpertenft. Dehnorl in n wont* 
ntai>eHiividv p the four pdyrliic Flogt* are tlnw? of • 3 i imitatimi,. >- divinnlion. fit) 
diHj^vcry and 1 4 1 uiveo^iii, > T ow„ ttie aj^licaUniiH of the prindple of 

the luti-Meiienilnn «( thought nod aefion, mme art- man important than the** 
perUiuhig to thedevdormi^idal hi^h; for the hiding prahlentf of wodd h>-tlay 
an, ronn-vi.-t with I he lifting of lower oux- and m.m pnmUive culture to 
thi- nlniHM of tdvilljadion jot I enltahtemnent Thr- f^rinl appliemlnnH ninn- 
mendde hat thev dorter about tiic geiiDml ^ 1 1 1 that i« l-rinutSv,. mhum 
thought i> engemiunxl by netinn, that in higher rultura thougtil lemb Jetton 
ind #3) that hence the umst effective wayy of mMng lower people are thc»a? 
of rnanmil nilher than ti^nlal Irainiog. All fyirtefiiatie otasei^twofl ImVu^ that 






4f5 


REPORT OK THE SRtrBRT ART. 


in the earifctr stages the mental eiing* tn the manual *n di >*oly that the iiritiiilivo 
ArtEHii! feels the implement aus n purl of Mmsell and conm^nly Iwlkvw ihat n part 
of hto ftomnultty gut* out into both tooI and 11 r« Kliii-'l ; ihus hto croft is a coftrtutit 
stimulo* to mental mrtivity anti prepare? hiu l for furth-er *ta \m in the king ^aj- Litvd- 
tnp from the plane of fettering instinct to that of ire?. Invention* When the savage 
or barbarian 1;? so far educated tl mi bis hand iihtuitivf-ly moves knife or *aw nr plane 
by pushing outward instead of pulling inward. hto tnind is in ilw third inwilftr of 
the normal c^nirre of development; last to thin position he can be fafeed only by the 
oft-repeated example and simple- prompt of rational imming applied in lower nuxft. 
The remrolieii along then* line* art' not complete; son pc of the remits were Eneor- 
pimEril in a brief |mster on 11 Primitive numbers," pnbltohed in the Nineteenth 
Annual Report; and a preliminaxy account of eeriaiu rosuk* was issued during the 
year under ill*! 1 title “ticrniu d’unc Industrie de hi Pierre en Anmriqum" 

WI>KK tS EhTU KT* I UHJ Y. 

Although Mr. Mooney remained in Ihu field Ehroiighniit the greater part of the 
year, his researches were such as to yield material tornprospective* rejmrtoti Indian 
heraldry. Him invtwtigatlrnis during several yuan jw-t have shown that various 
Indian tribes heraldic H^tmnai analogous in many way's (o those of medieval 

Europe, and that such a system is imperially developed in the Kiowa tribe; and hto 
work during tin- year was carried forward in this and avdghbortngtribes, The ways 
in w hi vh the system is develnjed rein ler the study e xtremely difftcidl- The pri nri j *d 
heraldic device* are dimly akin to totems, and are of lw r o type?, on* pertaining to 
Lip to and I he other to shields. Thu tipi.-, with their devices, belong tin families or 
dans in which t hey are heredita ry TIms sh ieh to, w i th t heir ein Nematic (or arm 1 >rial) 
bearing*, belong to typical aboriginal groups or brotherhood#, which arise in . nn- 
iicction with the haring themselves. Usually the do view are "dreamed" "by a 
shaman (or, uh he conceive® it, mviiilwl to him In a vision), the flnimi iudi(anting 
also thi- m 11 niter of shields tluit ft to permissible to make with the jmrth*ular tiearing 
of the revelation. In dun limp the shields are made In oeeordaiico w ith the sha¬ 
man's dream, uud threw are adopt id hy nnattwrHod warriors an ppediil devin* or 
crests until all an- in iw*. Each shield usually U*am two device*, -me en an liter 
covering of skill placed Over the shield proper, which may bn regarded as a 
symbol of iho lttiirinir witlun, mid the other or real devhvm the toco of thephfcdd 
lieneath the coven The Entter is never rovvahrd save in i^acned ceretaony and in 
kittle, when it to dkplHytsi a- a magii-al device for offciiH-, hh well ^ tleftmrw t agniiirt 
cuamjos. I£mrh of the shields is eventually regarded by il* bower, or keeper, ^ the 
symbol of hEs upevlaU tutelary and a sort of nat-ptocic for his personal sprit of 
warfare. It to prir^l and kept sacred during his lifviimv (Iho piir|WK^' of Iho 
cover being to protect the sirred devh* from rocrihegiovwgaa+ 1 p and p iinli^at rorrificod 
in his d re Lining days on the death of a kinsman, to buried witli hto tody—lie ontora 
on tlie dark uiidvF-world fia(h 1 if lito filth with Ids head pillowed on the device 
which niyjfteriuus'ly carried him oafely riirough many dangers in all tin- -Lays of his 
life. \\y n^rerui of the iiabilual Nvcrihre of shields and tin- dedtoe of alxoriginiil cus- 
tucni, few now remain, thrnigh fortnnivUdy many others are prewmri in mernury 
and tradition. Moreov? k r r the Hlevivcs tan be edeqiuitely vtudiod only with the aid 
of their ™ petit vo kMpers and hemers who can he induced to mm 1 I he inngic, nr 
^medtrine/' cd the device*. to?tter—recooitniot them in nwh numtuer as 

to permit the Investigator to truce the Lnteroctoted monaings of the various fenturvw 
an they are edowly wrought in aepordancu with archaic ritual Tlie ramify lipto have 
alsjbuconre rare, though nearly every family barf survivingrepvtMmtwtive* a^imLinnri 
w ith the family t-rn-si* aii'l witli The ritualistic ami oilier modes of constructing h.ith 
ti[ds arid heraldic device*. Mr, >[noncyto method ha-i to^-n to employ etirrivois uf 
toilb broflierhoodif and tomilka to reounotiuet their shields and dpis r respectively, 
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with nil th« mtiDiU bearings of ihc nlik-n thin*, the 'sl-jv-i* t<i In* pnwerved in the 
Snth-uul Museum after the study in finish ud. Naturally i he task hits l*r^*rt a tedious 
unc; yet the progress Ran been uath-fwlary. The heraldic systems of flic* native 
tribes Ate of much intend in that they op™ the way to knowledge of various oWitm 
cn«tome of primitive j-wples* and also to vital stages in niUurui progress. Thus, the 
dctkcc H'jininl a pot*ulinr .leveJbpment of fntemirtii; they «♦ elotsely ii’hiol with 
the intend ric system* found turning the tribe* nf tlu* plains: and through the#*? they 
an* altiti to the glyphic system* employed in the dtoripnal l-onks anti sculpture of 
Mexico and <*entml America. Moreover, siniv they represent the transiUou frem 
jm-scriptorial topcri]ilorial culture, they ore found to threw much light on the j«ene- 
sis of fltuHt KurojiouTi systems of heraldry whose urigin i** lost in the <lnknts? irf the 
prehistoric. Finally, the heraldry of those tribes in which it is l^t rteerelopcd forms 
a nucleus for the esthetic ortirili.^ generally, in them artistic rfupemezit ami color* 
ing tin * I their highest expression* in eonnretion with them the powers of irnairina- 
u<*ti and list* inspiration of fiducial symbolism attain their highest perfection, and 
Ihnmgh them ritual and faith and Hit intensely dnunatie ceremonial warfare were 
iTvsiallunl and kept alive. To the lowly aborigine* they wore than the text 

and picture and dtnttm of higher culture, The greater |«ar» of . .nderiat for a 

monograph on the subject was brought fc-getbar during the year. 

Ethnologists have long realised that the widest gateway to aboriginal Life i- that 
afforded hv games of chance: for primitive men, especially in th»tharl«ric vulture In 
which divination is the keybutenf psychic diameter, art habitual gamesters, ami not 
only devote unu-h time to gaming, lull | iltiy openly and with such infatuation a* to afford 
constant opportunities to the Student* Thfl lowly games of the native Anstmlinn*, 
New Zealanders, ami Polynesian# liave retrivel much a Haiti tm; thiw? of Korea, 
Japan. uiid China, in which lie- barbaric dement of divination la aupplciucntod by 
Bkiil, Imve been descrilwd by eminent authors: the games of the American aborig* 
ific# have been studied not only by volWeralors of tin* Bureau, hut by other able 
ethnologist#, notably Tv for ; and the vmriou*studiesaffonl n foundation for systematic 
m«areh. The work was token tip iochlentally by the tele Frank Hamilton Cush¬ 
ing. with the tsdliilwinning of Hr, Stewart I 'nlin, Ilf Philadelphia, nuthor«f notable 
treatises on Korean an*l other games. The joint study wan fiioompletoot cl**- time 
of Mr. Cushings death; subucqceotJy it was carried forward indc|>enrteidly by lir. 
Cllliiu t tilling the year »U arrangement vi» rifcclcd with lb. t ’ll lilt under which 
he lius nearly completed a mnnogmph on A me rim I g.um's for publication by the 
Slur in u. In the preu-veution of the work he has uiaiie several held iri]*, has exam- 
iued material in nil the leading tmwtmutof the country, and lm* prepared tinnier 
ouh pin.regraj-bie ■»'! “‘her iitastretfora. The result.- .,1 the study «ro of much 
I interest in that they i I hist rate n curing* vntntii lulling of the fiducial ami fortuitous in 
liic notions of primitive guttu^ters, Actually the* gumos ore played as nf chance 
rather than skill t though ixmridmabVe skill t# vrentuilly developed i; yet tin* t>lny- 
ing in essentially devotional toward the mysterious peti-m-ies held to control the 
physical world and govern human affairs. Accordingly the punes played fur !«*- 
tins.* run curiously inh- tin* must sacred ceremonies, and the devices employed atfoni 
a fruit.in I revelation of priori live thought. By reast-ft of the wealth of material, the 
monograph Jibs became voluminous. It wmi not quite ready for delivery at tho end 
of tlte v«ir. hut is | numbed for the liret quarter of tho current year. 

During the year Prof W. H. llolrov#. now of the United Slate* National Museum, 
completed the nwnogniph ou aboriginal i-nitery of Kn.Hi.-rn t imed State, of which 
ho prepared the first draft while mi officer of the Bureau. Although primarily tech¬ 
nologic, it forms an Important addition to knowledge of ul-original csihctn-s. As 
repeated I y noted iu the ctbno Logie work, esthetic motive* invariably arise In aym- 
l„,liHin and develop through a uonreulionam sIuiihjiI hy ancillary or advent!* 
tiiju.** conditions, including texture of material?, character of im-ls, etc., u* well a* 
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growiEi^ conceptuality and power of Imagination* N~ew, no Ilih- ■ if tathdie develop 
iu» i][ [h me re mm$«lcic tliEin that reprinted in i-iti- dwintkm of Audio wore, and 
tile authored Lhi* iLL>.iii-ip n r m| ih r ntfi iHIning vs hud^ tin *n.nurli E vein] leal khowl^of 
die potter’s mft with hijzh mtiitie nktil amd 111114110 estlu-iic feeling, tiu^ been utile us 
trace io iniLi-K'i'lv fashion ami illoHtnite ufTeuff vely the jjiowth of fictile df^onltioTi^ 
As n fiilihM descH ptltm of ntrtrigimd pottery, tlie dvatfeu will unduubtcdly U-emii* 
a, ebn^-b; yet it h no lens noteworthy n> the nn?-t i^iaiprabonisdvo contribution tints* 
fur mlit n tip [In- history tif Olio of (he lliottt in^rtunt actiiVtUw In tho-e of 

cnlture in which tho phapcnu'irt and il^atiou of pottery have nnk^l high iinion^ 
the a vocations of mankind- The mancgxiipb forms tfi^ I a sly of the Twentieth 
Anpuil Report, 

During the ywir the Hgrins of graphic repnsenliitionis uf puHOWp^ hi thn Hopi 
IilLili}mh■ 11 coUceUd l«y I>r. Ftfwkrs, mentioned in previous reports^ \\‘m w*iat to 
press ns a (out ol the TwL'iiiy-finsl Anraied, omlertlie title "Hojii Katrina*/* l*r + 
Fewkcs gin Hixnpleted the lUieUnited memoir on hi* uniipse collect ion-of pottery 
nul other mouritd from Arizona And New Mcxii ■■ no Ltd lai the lust report. U is 
in pmo tinder the Li Lie 1 * Two giimim-nr* work in Pfteblti niiaae/ p its* a |uirt. of the 
Tw^nty-ftsi'iiml AliamuL 

hViS1(E ts TjQLTIltf UJLXMJ V,. 

Primarily Professor Ikdiuetf’s hMpipli on aboriginal pottery of Eastern I'nitcrJ 
States Ih n, dfMXLpifrffi of the fictile wtirv cl^i^l by hh far :t* practicable 

by trif*^, and b1n> by terimologie typea, The ntt of the potter E« old, far older tluiia 
writ tun hbtory, .-o l halt its kuinnin^ mn never W traced dinvlly- The in ii bp re 
and p^hiAtoile watts* thuiui^elves yield iv partial record of the development of the 
rtrt T and tho Arehic-nlogfah* of tin- Old World haw been able to Haipplctneni nnd 
extern! tho written history ad jiottery mailing ihtoiigh study of sadi Hiatariah and 
iheir masoarehvsi have lent inien^l tn* the undent vessels a ml riierd* with which the 
ymnM ytm.ri of the world lire ftiddiedi VeL lle L fictile wniv of Kgypt nild BabyloraTii, 
Ktnaraai llimI Lear!hi, And otlia^r Old World provinces fails fair nhnrt of telling the 
win ilt* pkiry iif ike nrt, rixuw- ii fails to reveal the net uni motives utnl Hintiruents of 
thei^rly nrtisntti—the relies sirt^ iaLt^tk^ of tlae history of potter umkinii wlthont the 
vital kernel. Aenmlingly the urdbcenlogic stiulie* an Anierii^i luppleiueiit tin* Ebro 
pt?an rescmdi^ in a highly useful w‘ay T In the iirnr |>LiU^- t the pcriotJ of pottary 
making hy the Amerk&Q alh^rL^inc^ w’as eomjiaTatively aliort, n« that Live podaii-Eorie 
nod the hMnrfc lui* I'li-mOy related; and, in thesevoinl |ilaix% the m.*vern;l livirairSnlH^ 
within nw!li nf current dtaaervetioii n?pfi«nnt varintm hul^.h in the develoinn^ns of 
tbcirtp an> that opporlunitlen cjcist in Antnrfoi fur ^indyin^ the mqatlvm m\l flenli* 
metl^^tliiirtlmui ^ allot the cnrTii'r devehi[najt-nnil ntagen id the iarL 

In ^etaenji, tb^fth of the filter naay Ijii s^d to nri^- an tile^X’ial stue-i' of *n,Tilery 
or the ijnyohic stage,df imitation, w F iih ]ls ij^ian L Tow th through aodihmtal ImproVe- 
hinii; hi graai'niU few, the nrt may be said i>> ex|ifuel him I iliffen-nEtute in tho kiic^ 
sM-i-dian; hurlnirn 1 stiffs willl* tin 1 nl tell■ hint div'Llmtery CoIIlI'JiCh jl-< mniivot; and i[ lh 
thin titiv&'y with its prut mini ferttis, textun^, deoondive davfeee, and iihhIiv id inaii- 
ufm;t4in\ whii h }iil^ t*seo found pocolitriy inacruhdWe hy ehnhmts nf the products 
silone. Now , ii is jireeiwly thissliigi! which in represented lny mo#t of thi^ Aimriv^n 
aViri^iiial ware, both f^biatririi! ma^l taiMorie, and hy the mimving trllMv, Arcerd- 
injtrly I’rofcflBor Holms s dMOription of the Amerknn wiro, with hin critiial aiuilyuii 
of ty|wsfl and interpretation of motiviw, would to affnoi md nicndy a ^uppla* 

iaienl to, n KMind fomniatipin fur, the history nf the putter'a nrL The inmiu- 
gmph, wllkh fema^ tilts Ijody rif the Twentieth Atmudil Rapqrt, vunlmats fail hfill 
rvprs-N b nt;dionj» n| mnueSoO typical spcefiiiei^, 

i if t hi ■ t we BjMniJi L invi-^t ignti bus wncwniiijf a I h »ri g$na I iudiwtriw muJi-rtuken during 
the year* that by I>r, Fowkea in Pork* Rin> w r ould seetit to be of tht? more geonml 
interest, ^ hilc his trip to the Antilles was dcidgncd ns n of brio 
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Biro, I lutli. anil tin 1 island* immediately iidjarent, hr wan pivvetttod, partly by the 
vi il mis [l’ dtrtiiri»ftccti of isjrly Mny f from Mknflma obeemritan* tesyortd the Hn?i- 
nnrned island; yet this failure of plan multi*! isaseflcjjiily rather tbim othcrum 1 , 
fjrn-v b eMbldl him to make n mure definite ethnologic mill art hmd agio survey of 
lNkrto Rico than wflfl m ii rKk. coiiiem plated. Among thesurviving type* of aboriginal 
JjuiilLvmft ti.i which ho jpivu special a n ^t i t l ■ >i i wwit+ Ihow connected with hahlluiioiiE!. 
In all parte of the American hwmE|dim k tlw prevailing house type is in aortic measure 
a i'OLijf^^Ui% rir hi end. uf LIki^ indigenous and the imported; mat white in most dis¬ 
tricts the imported motives nn k wi fur prixUaLii riant that iln? indigenous piemen la anr 
hardly tmcHtblc, there are other divine!*,. k-*^n<ela!ly in tropical, njliinniiril, anil mid 
regions, in which the aboriginal type* tin- of such excellence that many elcmctite 
have bum retained with advantage by Cnflrcwlim woulera. Thin i* caudal |y ttiw in 
Mie Autlhe*. where natural conditions of climate water, siml available materia] have 
led to light and ingxpthrive of conetmution by which European eetfivrs have 

Ihh-ji glad to protit* The types arc aomewhiU antilogous 10 ilniee which have fx-on 
Im j I tor developed in tin’ Orient, vapoeiaJly in awl which are frequently coni- 

niecided to the attentionof accidental builder* uml houBnholdcra. When it In it-nuLTa- 
be rod tluit the prevailing A^kSlxoii tyj*. 1 * are at on 1*1 adapted to ibo Hgcuom 
climate of northwestern Euri>]*e and 2L>lji[iiiAta-ui« * *f materials developed in the north¬ 
ern temp* rale /one, it Ixiouu** evident that I hey Jin' not Well nulled to OUT eonthorn 
tranpomte scone, and ir^xvia-tly to our tropical ami sfubirtipliil pu*-*-*gteii*. Then, 
when it is ienurnlurnd that the indigenous tyjx*, 0- g, , of Polio Itteo, arc specifically 
odspUd to the local climate and tvrlaptelion.fi of bn-.uL nuUmiate it would m vm clear tfwt 
aidilLkiuml mutivta ikiivid from them ought toK j even more useful than any bor¬ 
rowed From Japan. Tlnse e ■■Liiddenition* have inElfBOntl tht- n^enreln^ in Portg 
Rico, ami they are in jHirf the motive of the special report on Forth Rloti prewired by 
f>r. L-k'w kiK 1 nljer motives have .grown out of the native food eonm« which have 
been fonnd ii^efiii by getirradoi^ of European ami otii of those alh-Higinal 

modes of hnnl pponMom Whidi are of Hii-h uJtet l llcQt>^arf atlll to aurvive. It would 
li j ■ [*f ’ik r from Lhc tJnit (-cventi unlive fotuld an.- worthy of alloiilion and 

L iihivatkin hy rnitiferH fpua tliy T T nik s df?tati^, and that rumcnf the indigenous uswi^ 
c if piv|iflriiL|: fm*! n light ho] I receive careliil study witli a view hi rim in l Liming the 
OXOelliSOLi* of Ibe iircpknilinus wbi ( n lOore rtLJvJJktil rinHlcs i>f ImnilliiLgp 11 killing, [ife- 
sorvirig, mill tmnspprtfng oftt EnirodurecL Tlie details of Of. F^vkei'slnwtlptta 
pm; inrorporated in a nmuioir LiL-signatcd for liirly {Hiblicatian in thi L iorm of a fcnil- 
Ji'tijk. The iiubislrial liatii tire sopfilenkcnh'd by hibillogrupliie and <kthkT TiuiLemib 
which will! render the n-juitl a nlUlkliul of Porto Rli^in ethnology mild utvlm'ldogy. 
The s[‘H.'cLal ilivivligatbili limlemiken by ih. Rus-elt among the Pltna JiLdinnH 
covered afjori^iml indimtrii^ developed in mid uiUpkni h> the arid region. Here, 
as in Pnrto hieo, \on*\ tv|J»of tmbitatinTi have resulted from theclinmtic and other 
Int^i i.TmdilioriH. The primal house type t* a ^nkall circular jrtrnctnrc of canca or 
tisnIh,, rtHkfed with wnrth F the whole supported by jiei inner framework of jMplt*. This 
ty|m i> ■ 1 i ff 1 1 n a n e ll-le i ai-'oreLing to available msilc-rr lcIh. the gm&^ hooro and the hou W 
of Cmicts (okai l i la BtetAB <sagium \ ri l ie J 1 *■ 1 ng dowely related derivat ive forms. 1 1 Ls 
diflorentiatenl iklm> by amtegetneot "f mateftltl, a* when the cane* or cz^ tus Steves 
arv waiik-l w ith rwda or withe*, and the hiai^e tendft lo become m\tmu in plan with 
vertieu L walls evenreuihy liephutered hy like washing of mud from the roof and by 
the throwing LLp uf oinhuikinenEs ns wind-breaks below'. Under the mutative 
instim't nf savagery tlie wntrEed wall* are i-natnl with a mortar nf mad, whieh i-i 
- magi cully ,h hardejied M by the etoUdmenL of pebbka and larger stones; and this 
may dimmed the socomtery typanf alKkrigtnnl nn hitectere in southwestern Unilixl 
Shtlea ami northern Mexico. Frtmi it developn under fuvijrabJeeoisditLuiLH a third 
typt^i. e. p that of rtshbJe maaonry K^t in mortar <>f mm! orovf 11 hud dry ; hut w here 
laiilding stone 1* lacking* the pebbled wallle stnielure gnjws into a distinctive 
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archil net are of which the Um- in ihupuddlul wall, or pise, by Spunlrii settle™ 

+i cqJ6n, p * the fnurth house type of the arid region. Aboriginally, the earth nml in 
the jslnn'txiro wa* douhth"* tamped ImUrct'n waUferf walk, it And permanent and 
dflerwiida temporary; certainly during later tlun* Use W&th wad IhjEIi up in rucc#*- 
#\w k* lj?es bfiMftm lnovnt dr scimu* * if wat E 3 i rhjjr so j d&ccd son 3 1 i met'd ns to form n 
temporary trough for each ledge. The rajun rtrmiure wjw durable* ami was heht?ji- 
tlble of ilpVi JopiriLiit into ctfl&mmud boiiR^ ot many n>nui* am I i**vi?rai stiode*. As- 
in Ole pri mal type, the ns if remained of earth laid on shrubbery supported hy n 
sheathing of ranra or whig staves and rafters of cellar j-"}**; on ooMtory hoiBts it 
wm a place "f temporary resort for the occnpante, and with the gradual evolution of 
limpet* ami ihe (growth of the**- into higher einrteH tixv n*ifn- Waine qpjwr Auote. 
SiiS^iieidJy [ifulmbly after Uie raiii'a-ian htwrinn) earthen briefed laid in mud 
mortar ivore-id^t iiuted, and this tyiwof rr nHLfuctioii, fe novm n& ndotn^ wwff generally 
adopted; ami in the batter building^ both of Cftjon and adobc h the walls were coated 
with lx thin planter or alip Axed by some term of ^da or other earthy salt. Now, the 
iLHirigiiial rajon house type id uiidiiinljly m3«| it^ j * 1 to the prraoot of the arid 
region arid a# well worthy of comddumliuij by Caueddiun Peltiers, Pmpei'ly eun- 
^imrleilp mp 1 1 l walls are much superior toadotJ*tohoinE^^Edty'flndatrepgthj though 
M.miewhat uuitv expensive in IwIh.v, Their durability U eaf&dently attested by Casa, 
firande in the (nla Valley p which wag a min of Imnteinoriii antiquity whm di-eov- 
eml by Cadre Kino hi Hft4,aad which in stUI landing despite vandal tom u± well a^ 
natural weathering* M- iivover, the rajon in readily susceptible of iniprovdoent by 
the addition of lime oreetUettL t.> the material xn any ctaartd quantity and by nitMi- 
tuitng ll philter "f linn r nr cement fnr Lite simple slip. Sri improve!, the native >■ i- 
-tnii tnin wuiild etxm tatter adapted to tint rotulitjohB nml requirements of habLU- 
liuns in tli ■ arid region than any Inipqrtid muileto, The cHt Would T>e only tluit uf 
ilir It]ne ami the handling uf materials, while wood, homed brw'fe h and even stone 
tin^ Uglily expensive. The thick walls would effectively equalise Interior temj«er- 
nlixns rhspite tin' enormous diurnal neiget whti-b eh the nnst Serious id^teiie lu 
n^iiltrill'!'lit arid dis-trieU; tmi3 the |ft«mrnil utsL^ix eliena woohl lend Ibadf tn fLl$tIiK> 
lire and dedrabld*n:hiteelnral cflotie. 1 lEiaacITa resaarelwcxtemh^S abniolhc 

lighter uth! hhw vucnjandte tyja^ ninelritcUon HurV'iving aiuf^n^ the lima and 
11 eh;] i U irii »l £ I nd ian> n m wet I a- I o 11 xu id ti h mhint i m 1 nnt rii^ am 3 ft ** l hi aims*. Amnn^ 
Via* latter the fniil of the rai-tu-i iSjrnrra prominently, uid only jn lUnUiniH 

but in tFxiditiim nnd tvrvai«ma«, atuidbig Iho Htxl] mom important pkee which the 
fruit anil its jiroduds otcopied In the lives of |*flt gBUtrations- ItEi^dE^ nun *- 
rial }wx Iwvti divided w* to yield a memoir i -n tecbmdtjgy, il<^>igu«d f^.r 

early pubUraixon in I mile tin fomv r and a m-ucral Ltn>Ui.^ni]ih on ihe sorial or^nniaa- 
tion, niytholEfcy, and esthelolO|ry of tln> Ihma tribe and m the anti quit ira of their 
iinhituh 

Iluring the ydtr Ut. Albert K. Jenfen ri'vl-til the pronto *>f Ixhf ineumir «m "Wild 
riiwpithi Tvirsiif the Lijqh^r !mfec*, rf tennlng- put of the. Nim-ti^-nth Annxxal itcjMirl. 
Tins treallsif Is detailed <-fJtvE:xlly vjituaMe in ttmt It ealIs lUteution te a wide-prea'I 
li h ms Biim.%i luigely mssl hy (he aborigiewa mid giving pmniisLoif great utility In our 
eltlKcns whenever the r^piisiLe nlleritlnu v* giwn u* ealtlvation, niillJcf h unfl pnqw- 
miiofi. In ftsal value the wild rkn? mnfej high ruiutv^ cereals, mid ite iminml 
lm 1 1 j Eat i- Hueh Ehai hy Hh im^iiis otlitwlw swamp kuifs rnuy Ih^ ntiltwdaiiit 

jwliiimed, while it can not lie doubled that with jnilieinjii^ njliii-uthm it mi gh t He 
eliH iploil to mi nwwktetibig rangci of .-iil H-onditiur^. Ijner in the uur Dr^ JcEikn 
twii mid his res>uandw» rmomk^ the Hirehdiark indmdrita of ckit imrtlwn 
atjurigimv. S* noted In the UlKt nqpon . uno aspect Of die Endm-trira dtMtcruig ahoul 
the kirrh tut is of prime MgmtiranoD toetlniok^iriH in that liw bfmb-Uyfe omoe 
waa tlxn must L'ffet:livi nnenry of distributin'! of Lribra ami culture during early limes; 
yet It fen well worth noting that the IntercHt h a lialpg one, tune# the Wfe nuuw 
rcEiuajus U hj™i oilectivu device for lraEiH|x,rlaiitm among white men ns wi.ll ua tvaL 
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Eni|m 1 t it* use by white tom-fete, ifahomien, huntor* F et.\, fa apjevvnily liumiing in 
i^iithnm Unit*! mid Quiada* Various c*Ui*r KWh-lerli isrEiuiriH ore in use 

aiitoW white* HaWidt a* native. Tin- halt convent mind, half symbolic? makuk, or 
waplr^ugtr ta.x T pv^i" form n enuvviih-iit ticwusi-luilil ulenail; hfe-h-lurk tnudcetfl 

differnot luma hw found useful as well aw artistic; nod «n tin* wWfa it wcnlkl 
appear lb at the Un?h-ttfrk industry fa uelf-iilc InrrraisJng Sh ninu^iiHiivof den muds 
by whin.*, 1 hi t that it wtvw as n helpful H^piinf-Monti (nun the primitive diet WM 
tJ [ the Indian towutd tint five and £■-!f-Mfnp|Ni-rti 113- citizenship which fa the rndfan's 
ultimate ^«iL mnfan-tal with tins vdilorfal w^fk of tin? olliro minpfrlfed 

I ir. dents to divert n part of bid timr from the rtsswch. -W^nlLt^iy, the work w*e 
ii.it quito tumpfckd Jit the toil of the Jfaod jw, wbu Dr, wa^ at tike revert 

„f Hiu Dlf^aar of tin* Philippine Bureau of Jiouchrfatian TriW* + furloughed for n 
j-^r, with el view in the more cflteefivtttataxhivtion of tins nuibfub "i the Huivuii uf 
American Ktiuiqtogy in the Philippine reswtnlu*. 

S-f.r several year* Mr. J. I> r Mrtiuirv ha* been emr-^t in iuvi^tipitLn^ ii-rtain 
lin^ u f aboriginal b^himlu^y, mid certain i h» nunltK have been pufaMii'd In the 
n^rti r.f the I - nlt.Nl Siutm Kmicutni Museum. 1 ^rins the bint twal year lie fa*jjsn ( 
ilI 1 be inn-tame uf the JdredflTf * rritkat rtndyof the earth-si revurefa <d aboriginal 
technoV^y taftdo by tin- t^ftiufatKtorep, toMunaifo*. awl other ptoiwers, During 
the year ]i»ft closed ho iociiimu-l thu Work and haa made u. w-rta of extrueln from 
ilie records which liuvc proved uf great ust? to ihe L>irector and the r-ullabiraloni 
engaged [jl field rewarche% Tin- cat tract* am arrange! on '-a rifa T and curtain install 
mfetrt uf thet*; have buea awpllswd for the u^- of the Bureau, 

WOKE EN POCIOMXOT- 

Througjioaf mowt of the ymr the lime -«f this Ettohuh^fat in fhaoj-e tm* I ran up 
fntlyocctljfed with adminfat native wqrkJJuiAdy h-btihgfujiiibli Alton of Um n-|wirta p 
ah ii,delay bis EHtdak^ic ka|n5rtw; y. tfair$iu boea tnadfe t nwof 
thuupecual inqulrim of the your relate* hp what iiiay l» Mv<K hy esh i^E-m nf nmntirjn 

terin* h ul*iri^Li]ul latel tenure, thi* inv^tijjatiou beinjr render 1 1hm4f 1>y current 

(■r.^r.-* i n the uMotmuitt uf hum fa in wvmnlly tw funtvr'jb'ikuinuih a* well a* hy recent 
iMTn|KUicy of terriUrfy fnrmeiiy inhabited by mtlLvo trfbw in Atw*kii» Hawaii, and Etie 
?bili[j^iii^, Thu raMicbeu induato Unit [niruitivo [teafdi^ futvoiL.ioonTOptkin.jf 
land tenure in thu woubo m whu-h tlio temt* ju\‘ einphiyvd hy civip^i ami «ml%hknml 
jumpier In tht iln-t pLiU'c. thuru fa no m^ignUton of ifidivMwil titk to W^ar 
niber nniural '■iiEiu*, fur any mJch veduo* an^ nsukuieil sw ^rUtnia-r to the efan n U^ 
I,r the tribe, L t., fu^eeslon fa ditiiuiuiinf mln-rlhjin ickITvSeIuilL In the Mond 
pluiM% the property suiw faespecijUly inchoate o> appliu.1 h« lands, whkdi nra viewed 
jiw tuktnntl rnAg^ior men and SirirtUlfaq 1 . e., fur Irik*!* and L'n'.u Ilhiiui. und 

Xhrtv fa nn rvcognitim of owwrahLp ur Utln Inlmftml to the italnml win! cwirdumte 
riphtwiif uther men ami fawiiL Tniiv thorn fannionn m^t faftpia vague eviwaf 
prescriptive ri^hi to Tony uotiipied territory. 1 e., t«p the hfimeoi tls* etideutp who 

play m pmadiieut a i*h- in primitive phH«*ca[diy + ih»t i^ntitnoniy atrilm fails U a 
and afilM duly to pn.tt*’t the hnine nm^aamio-t ^-rmuneut invandonby ilioiw; 
vet the vague right h* rw^gobed ^amOy applies tothu fand |a-r hut only to iho 
right* of the rlini^ fisheries, fmite, and any cultivated pndum ]>orRmal habita¬ 
tion*, V |Uami^ or . lay pat*, ehv, h 0-, in w hat may 1* mllorl thi^ uwisfrmn4 the ^hI + 
Iti other words, the attitude of the «avngo nr laariwisQ towtinl property in land fa 
much like that of Aiuericsin dtlwiH darm^the fast century towunl property In water, 
L e. t in the niius, river-, 3j.kis + iirto^Liiti water, ordinary ground water, et jd. n 
daring nieiit ifaoides the idee id property in water bus (frown up Vo ihr Use liuuiid 
dfalrietjt ami fa rapidly t^teiiiiimz, yet theikrwkipniimt the .-. .m-rpt fa slow, oveia 
In the minds of the most intelligent peep h. Vvthtt^ a fftoef petelfal may lie Cuited 
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hi *ir aa viewed hy ^ntighlencd people, fir (heal r U t visarded a* . . .n- 

uimi in jtLI living mi uI breathing thmp, 41 ml it* u-*’ ji- jin iidiuTVht right fur inut 
^-ending eoartPBntiotuU iliIi— e<j penpal »<r onminrimd properly. Th^n* m, indeed* 
certain gcrma of ouimniina! [-n^-Tty rijil hi nir T numlMi-d hi 1 he ectiurimiaL m-liana 
otnjeiifhhorbonihi Wklii^ii-tlii'HtHti^riicnf of certain naisini^, yet du-rLiuiiF pm forth 
hi sikrh m'HnnH retain nithiT to the free- iiiirl i^uiiiin'jt um- -•►r to osufrtiet-— of (he ntr 
than Irj its jx^Wen ari property, *0 that mir attitude toward air ib vbnely mialngo11s 
to tlmi of jiriimlh* folk toward hind. The i^alte of the impurh* Shu! ready appli¬ 
cation in i^miect [011 wflli vcirimiH public ipt^tfonF. o rue of Him erusdiwoiis in that 
primitive Mk rati m4 I** at oni*> transfem'd from (he pdpaw mF hviIIccHyo interest in 
the [irtifrm-i of ihuMI Eu that H.f hidividmd land toting buy nmm Slum tbo funner 
of tlir* Atlantic ^-iilvnckTil MrtuliS be brought ki adav to full uiiiittfllandin# of irrigatkm 
water rights, with idE Hu« wnnplLratirrtiffof ihirms h! 11 i 1 ■■ main ditchm, tenb^, etc. 
Indeed, the education of she riiiseii fannem wbi* haiv ^me West md grown up with 
Ittkadon was much more nipid 1 1 ui ei nuiltl be expected of (lie elnwiaMnimJed trilies- 
men - A i?;l inli ugly , it won hi 1 i «irl y > >e u 1 u iri afc e t ■ > trawA 1 r iril * *uu?n direct! y fn mi 
the nu mt To the wwerally holding; there htioulrt U- (a* indent experience lias 
Hhmvii in Healing w[rh the tnduuiB) nn inti , nm , dhitc |n.*riod nf proprietary training 
on colkwltve reservations The rtuwsamhe* indicaie that this jierkid photiM cover at 
iiKifC n ^cUetultun^ in mu-t c:lht- two general Kim > would 1 » i retjiiired for ihe ■h'-wb 
opmentof that sentiment nf thrift mnl fivUng nf in-h^relenee reqmi^l fnr Hiirre-EbH 
ful dtiseiLFhip. nf the rr^nh- «>f Hu* ivar^ work h&w htn nuwh* public in 

*:aetilirie jApemaml uml hsi- 1 h^-ii ism-U* in iirnin^fajf iln. niatfitiil 

iivf foTtfuU iftnie in n^njrto, 

(]i fM'.m nesrtloU urilli Ini-* lill^^hlUe n-HCWlr 1 1 es in HrJlidl Coluuihisi, !<r. John h 
Sw*ntiM eollwtwl ilelhiite iiifi irrmits- -n emn-eniinic the khwhip teneti bi» 1 11 t * IL,r ^ |,_ 
tors in the gorial oi^ctbtatlan nl the llsihlu I rulhui.^ mi A tuwEtrv! tlueclcMOf tin yuar 
he (Eiadv pwgp&x hi arnmginK tkedala hr piiMluation, 

lvomt is eitiiJJLOQYi 

Dtirmu tbft teller iinrt of ilie fu«d yew this IHreetor rontittowf thearmn^wnt 
of Mexican and (Vtulml Auu-Hcan Un^iMie uuitiTial with el view to the rtwifteitirm 
of the dnriglotM <^f tli« sotiUbem fNirtksn of Xorth .Uuerii^i on n IrngmsEie hamtL As 
flnring the pn^tling year, l>r. Cyrus Thontu ctiLlsiHiniie'! in the work. The wwn- 
pletinn of this lank u-iw -loluy.^ l j y tius 01 iie >3 -4 the 'liirinu tho later 

months of tlw year. 

At the ojipefiing: of thy ymr TVit Kpu Ihnts h of CtaAiunMa I nlferaity, hum glvetl 
an hoaomry apsuolnttuuni m pliilologkt, and was intmelcMl u ith tJio mjieiw igicin uf 
a nnuuilerabkT pnrt <4 the lingubilic n^nirelnx m which the Ban-nti iq engeged. 
One of the ob]oGta of the tluii >4 oliinfnJng n niiifortn sMfrios 

of outline* af Indian laiignagtfl t-i !•■’ puldialibd ta ay rustic form Fnr ih» in 
CucijBiretlTO studio by the philuli^isi^ of tiie Murid. The work nx]iiin.-.i eaten- 
Hive pn^ntlok) 1 h?ewum? of the wide range and rrmmilembb vnbme of the matt* 
ml both in hand and rwptlroih A( tlse time of diVcovery them were in North 
America somewhere belweetl 000 and two thousand trilirtl diuhvlx nr lailgilfigi.^ 
iH'Innptig ti> al“ 'in a lioadred HugaWe or families, so Hint the Hope 

oi the work is bq broad that U may um lie aecomphniietl exropt hy the cooper¬ 
ation of many siiwiaLLBla* devote E to partienhir group of knguagea Under exbii- 
Ing conditions it si^tiis inca^lfem to nEtecn|it ivivering the gnsural through the 
ItEiri'au alone; and the plan of the wi,rk iminidi^l to hr P itauis Ih hi enlist the 
cooperation ^.4 other Lustitntions and oiUtT lingui-atki- !-|nM’ialisif-. I’m rim* l tiu pant 
year the work was organiKed in eooj^eratlcin with the American Mnnenut of Natural 
History, ColuiEihia Uulntxi ty, Hanard T'otvenritv, and thetTniveralty of Tali fond a. 
Thi: dillaboratoTU Included Br John li. Swaulon, of (lie Ihm-au■ Nz. Ih II. Sk 
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Hair. "J, >>r tins -Ainerhan JluevuniL Mr- William Jones mi Mn.U id tblwililHU 
Onivi'isdivt hr Itubuul 3'. hi soli, -if Harvard, mint hr. A- I- Kmelwr, uinl-.r the 
^L-Mi.^nr fins Imventty of rdllomh. Pr. BwonifiO'c work roiii|iri»ed tho Inm- 
scrijiUoii tA » vnliui.im.tL* rt riw of llsu.Lt i.-xt-; In- h!h. ^ini-leted a *ym’L*>* 

Thi- Llai'lit litiijfimgc fur in thegeneral Mr. rt l her deVolHl ii 

KirtHii tins >™ III M"rk fill ft ilicfioisiiTT funl ssralHIiLiir ■[ the t hiuimk lsuigitftae. 
0 D .1 in addition null L* a .-rflirsil fftsuly of SdliWhulle lillfSnWli: lHUlvrin.1 in tlm nnrhWM 

I.f the Himmi ami t.f .he AinuH.-iin Mtn-eum. Mr. ..« iu»li.g.-»l i-rnyr.-- in 

a , m |erin,r fhe piummir of the Sunk BMl MllrkuVkl m-JLriy rnnipli-tmil * list 

s ,'iUsx«f L1H..1 Jin-axw; he »lw made pm a I pBp«* in nrTu.igmtC for ptihlinition a 
su.Hl- of MlL-kwakl h-xt* .■oIIltIi-i ! iliirliu; tin- larenliin! flaml year. hr. [hxiiil 
nnn.iiri'.l a gtaunttur sol v m n t h iln ry of Hi- Muhin Inii^hw. while Ur. Kn-oU'r 
l-i.Ui-eled ami arm nil'll 1-otll Itsjfii: Bill jrrftli 1 1. Ultin ninU-rial rv].renting several 

other CfthfomM tribe* Partly through the Sn-|dnitt«n of Imarly appr-vul ..> 

srieirthn* ami ^Inslai* I* . i> home ami abroad, Ur, wni hi* oollaU.nitom 

1v, ■ lalf in nfi the vo .rk with M l am I I nt! i iwiium, Ur- 1 U cm • >1 «-rw*: " ’ ■"' 
work hi many (.arts of 2$i>nh Aim-rii* in < xreedingU mjpint >n Hie 

raiml llbflippwiriiiiits of the native tail-nag.^, n!ul t her UiimtiH at oilf db<|nwal tar thin 
work are insniUiriehi; ** yet it i> » unit ill.-at hm I" n' 1 ",rt Mint Mi- -• 

..mve wurkfl gratuitoiihly or for only Iimnmitl ^h,h^ii«U.o„ Inin 

n^.ult.4 in alary-- volume i»l hiirah.al.lu mtuM nt iriflio* *"*» l«* Una &mm- Tl 

j H it v i„tfiins to LU'km.wleiljft' IlHJ tTn.-roiiM tsontnlnitlfms of l>r. Bobh sun I Mi . her 

EulLilR-niUnrs iuLiunt. 

DuriUtf the wiir Ur* Ibw ^rifliplL*l«l tl«' n> vision «f In- . . 

wKnthWtTi-sta/ 1 Hivl tt W-4 w it UuWvlxn. He atn. 

the [I.ujin.o-rijit for a nil. . iminioir .■ntfUml “IfriMm im .1 it™ t^- 

mlttL-.! tor publusittort'om JftOit*iy 2®, I00 1 .', 

|>r Altu rt S, CntiK-litt isarriefl forwanl t.. nuh^amial i-oinjiWkiB I.ih vuCnliLiUuy 
ami firwunmr r,f this Pi-orl* latioiiw-.ftii Ui^'roiitiimMl tlu an«m»nwnt(*f mnieruit 
for tlii e.mn<imtiv« Ai«ooqttl*n vnwbtilarj-. In addition ho -Il-vomI fon» to 

hin 1 " ini r.«>sih !ie t i n-iiuiro.1 for ... the ntiau-nnn- for mfonim- 

(ion iviuvniirg ImiLm torm-- ami phtfaaw mriatuiiily u-fvlvwl f™ni normpondoitai 
j. s. B. Hewitt eWiUhI i\w ij^vatwr i« t\ *4 tl>« J'oir in unmi^raij s n» 
[mrinol- hn-atinii Mytly, im-iilione.1 in j.PeviotiH ihm'_of tins livo m-tirni.- 

wi ri- “.-in to pro* iturinjj Uu) your w u t«rt of the Twtitiiy-llnrt Annua Hi imri. 
Towanl [he ,-Uiki «t the ymr lie l.mk uj, tin- msm ml dioimtiwi ■•[ prmi-yL* 

in in .. ami -* a of the ,-unvLi l«; «.n*Ihu«l tlu- 

firm and ami.M-meut.if ItwjnoU.i ILhruIhiIo m*torml in n form "iftaWo tar 
wnv ami .-ventmilly for rml.lktuiom Ti.ruinrhout the yoar u nimwlemblv j-irt - 
Mr. JWl. 1 - timo MW omipietl lathe n^rohi-H r^ulwl taruirnwrin* Iwht.u-al 
inifuiivH from wirnsrHueJcnts-u duty h».m luiavahlable, Blthmijih tU por- 

fonuaDDo wtarfs prograa in NjideaMtle 

StiKsJi'H^e K. Tliniiiat. eanjtJmiiil tins tfaiiwiiption "f H.u mmotiwrijit DiodonBiio 
duM.rtBl.wldW s-fl..r AmtoMior.. Moli.ssi.of Morisb, Yw«it«v. miuls-«m«) PMf«* 
In the imraUtUrn of Um Maya nrul riptoinh tonua into EntfJj** * Jf rt JJ® 

iNiU o of this* ntowlvB viHiilmlury In a form appn>].riato to the puliltedjona of .III- 
Ftiimau. In vitw of The pm^i tivc value Of thfa work tn ii.tiin- rtnde.shs, « M«ml. 
wjen. ii. 1 11 - iriu.it that ihr-Gnal tnumlaiiot. ahouM I* ha-l nu thcrirtiyh aml enti.-al 
kimwh-d^ of this Maya, and English Mw* ami in view of tbU A^ua- 

hililv. i,, « H ,i..Tt1on with tlm bet that Sfftur Mnllua iaa lolrmteermllabomtor n^«- 
dent in another -vnmlry, it in P«,- r «- im-ert tin- following v^itoTy 

ex.in-i'.u lrt.li. tl..’ Eniu-l States »t t**™* 1 . ^ miitan, Lion, Mwahl II. 

tlu,...twin bU.iwIf ft (Titnal rtmieul of Ho- Lintiitiiitii*, history , uni lanpiajpai 
Jt S: X mv . .I, in the work of Ue, Arnlnmuo Molina, the Bnutt. 
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has 4 qm flit: hurt tturk of Hmj year hjmI haa done it in the 1 >est {uvibh- way. It 
ha* arranged in j-tvu to light and sillily 41 mui-hm-cdcd work, and il hm put it in 
the vm liamL* Ih^t filled |lj do St I am, 1 .erli \x\ eoni|iH*flt tip ,-jieak tlpoo thU 
*Libjeet a and I nin willing to fildiai (ill nn>n.l my Udief that no living mmi pm >]i. fhi * 
work Intrusted to Urn m well Mr, Molina. Tins work Uuit lie ia doing out nul 
Iv dont? by ci foti%tmr* I am, perhaps na wmU Manned upon the native MayU, 
their 3 nil pi nintDiiur, eb\ p ns any living foreigner, utnl, il may Y*s t Utter tlmn any 
niher. I know Enough to know {hat 1 emtld nut -In. thi- work ilh jt Nhoaiil lit done. 
ThLi fade h 3 11 -1111S nmly 3 »e undertaken by one who Im- fo-n brought upon milk (pcuij 
ji native breast who*' tlnd word* were in Maya* mill wW-v rimGghfn come taujier to 
Ulm wlit^ tdotiM in tlm Maya form than when in dkagfc Cfi&fillinn nr downright 
Anglo-Saxon, Stirh li man b* Mnlfna, To the insHtirtn and the eduulllCAl of a 
wdftoktr he add* the subtile urnlcrcmmling of the native unit a* porfeei eonjuumd of 
the ancient language, the Maya, an any man can have at thin day/' 

Tin? flimJ piwfriif the Natiek Dictionary, n^npih-d by the lute James Ihiniimmd 
TiuiuMl, wore revised durit^ the yraf p and | in- greater part of ihu HhreU imvt- 
Iw^n printed. 

luwJditk.il to lain work on ihr Ah-xiiwu and Centro! American UngnMic record^ 
in iiaittHwIkle rullabumtion wish Hie I ii reel or, I >r. ('yrugThognu von tinned libinve^- 
p&tim of a\ K>rlgi] lliI tvninU in the fiimi of ixnIiiw, j^ulptim*, Hr, llis w^rk was 
productive yielding among lpIUt iwdL- a uu-imisr entitled tjulrigua i.' llJ-l-tli lur Sy*~- 
trang, wtrirli iviLH n.'ili !■■ pn-ss ?LH n part nf the Twcudy-weiuirl Arniuni Koport- 

PmgriT^ iixirf iiiculr qL<i. in preparing for the prew the tnttislatlein« made by Mr. 
(.luurlaa P. HnWilihdi of nertnin eeattered yet onleworlliy nnairibiitioLiN to knowledge 
efdcvniin^ the caWndrieand other n-x»ixU >.f mui iv-ntml Aioetka, anti HI* 

» ptearare to ackoowied^ the fienen^ity of the tnuieiTaUir in 1 uulrihuth^ the tiante- 
riid and furthering tlio work of itn pn-|H 4 RLliMii in evi-ry pnnaieaiila way. Ti-wanl 
Hie £sd id the fi^itl vtur Ain KlU-rt J, Kenton wil?. t^ponrily 1,1 the 

muteripl and nrmn«5o the dJotftratiow for publication \ n Twenty-ftmrtli Auntlal 
liej^jrt; tbisH work wc^ well atlvanail Jit the til tho year. 


wbhiL iy tiorii m ukey. 


About the end of May AIL* AHi-e P, Fktdlert^oiiipktqt] Ikt cnotiujmipiL m flit 
I^wn^- | m \iMtfl umler t he Ii I ie ' 4 11 nk o: A I *nw 11^? Gnren tony/“ J a L man y o«*pecbi n 
typical tribe of tlm plihia, the Pjiw ihv Indian* w ere in n hjio tlae inns* remark¬ 
ably derelopcd nf the jimirlo triU^, Idkit other vigotvii- aboriginnl gnntj^ r they 
were mnifK^ite; an unjwiriLuii euiLMiitncnt (Inter known an the Skidi liand^ wfld from 
the wooded hilU ami hrosei Imritiun lamia of the ArkanmL* it:«uiiiry > wiitre tlu r or 
their amrastry developed u wmaUaml trulture, ainl dnuhtl™ jwrfotmwl u * 3 um- la the 
em-tioiiof tile tmpoHiig moumU of the Jaiw er Mieri^ipjhE rt^ion; otiier trilatl 
rtttuenu n. T nwnihl | mirio iwoviinx^; ami there are etmig Fti^flUntiH in the 
rikh triluii mythnh^y dial at least a Hthnml entu^iiimut w al^riaH frem the 
Lmhly reUgfaHt- ^binary l^j-l^ nf the SouthW«tiim pueblos. Tlmn the au- 
IN^.Ui tnU- livid lonjr (as nth-etixl by tU-ir tmd(tlf,iu pwweJ] a- their ^0.^ . in (he 
prairie nifii>u r which they eluind with iho htiHalo; *mJ F in fvcit de^ Hmh 

ll.e SioLMLS, triUv farther ti,-n hwiir,]. they nrljiwkd thein*eh>o tl.L, i^lnml 

epopl^.* 11 ml the buffalo l«canw Hm furukdiw of their h^] r the of their 

numeub the giver nf tnab-riiU hr their hnhlbitm„,. rim gindc of tl,,ir migm- 
Uim ' lhu ^ their handicraft E uul hunting and. linnlLy, one of the few 

^ llll3r tctelari ^ Aecoiritn^y the ai.Ueki J^reiuoni^ of Hut 

trlti*? eoEiiiifcije the hitinaity of knal vem-mtion for a k w Win K fnh-krea wi,i/ a 
wvalth Mf mui^ry 4 u.d ritual derive! fri.,,, other dutiirtn nnd ^pt^ r ami all 
vtM by rile cmiiinoii imam ftod inrenmtium rhiriiig earlier davn the ritual* were 
.0 far ^itene ^ j^ nenihy to«iaipo tlm nodre of HhiMogkm a* well «a huJ vidt- 
yean* n few notnlily Mirn Flet 4 er r have Wi, H - r . 
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mittttl to k>Eit*-r ilit* areaua ami witm^ the ^iTf*d r2remoaUw% and oran t«» examine 
arul obtain sntorprvEalinnfl uf iho wjueec fJ bdndK^ tf whirli Bern; -l- the tangible tnui* 
or the rituals All nf these ritual- are impregrive; nune, like the J1ako p are of 
penwrlfahlc rii'hn^, imt only in. gcrtiJh' urn I nuu-nwl nuiventcnr, but in the j-untie 
imagery eipressod in won I and imuie and pantomime.. Mi*~ Fletcher 1 * P->onl 
[L|»|>eiinH to be perfect, pod aho has analysed with acumen the rhythm and melody 
of the chants* the symbolic harmony of iho fu^acijmimEig pantomime, and the 
meaning expressed In the iritrinite figures->f thedanee and inownenlBef the nmn-h 
forming e«** L Eittcil featnret* +4 the ccramunv. Fichu >1 i.-^ Fletetafr 1 * rendition and 
inters imtatloii^ it would sk-cm I hut i hew +■ Inburuto rittiatH open a vbrtu booking directly 
on the hffttrmirip of Bcui|f* dmhi\ drama* poesy — certainly they me a revelation to 
student* ui the higLiC*! jih:iH. j * of human i-nltirre mx well an In the investigator of 
primitive -Ml>tom^ Hie Un-Mndr H I El jure* A* A pail of thr Twenty mn-hvI Annual 
He port. 

Tn eocmcrEjiHi with hi* eiimpamtlVe -link of Indian crugttioti tiiytiw, Mr lli-witt 
lui^ Imn-jl Led ti h arinly jew w rtui n lit if Iftu icjitiil fcsilon^ of prim hive pliiL *n*phy. * v| n> 
eudly thne* 3 forming the kuri- of s> ili ntiHui, uliaiu&nSj*t|i + elc. It iswetl known sbjit in 
11 1 l“ iliEferectl I ndian kmgujigi-* there an? terms dilliriih of traiteiSntii»ii into niodi-ru 
tangoes which are of deepmeaning hi their ust-ra, e, g, p mernidop or iwreifra, anKmv 
the AlgDEiqiiun tril*# f i™tofc p or jpttluw^ aiming the rijmcAu tribes^-tesme iMivering 
a htrfer [iro|Hhrtinn alni wider variety >■£ the Thought of primitive men lhaii any 
pianos* term cover* in higher vulture. Among the InHiuoiait Indian* the eorrea'inmd- 
iiLg h'niL Umntia, which may Ijc translated +l myaterfou* power for |g> hh 3 and 
“power* of magic*" or H more hrtEjfly, 11 migie potency.** Mr. Hewitt's aUllklysfej Wn- 
announced fn# preliminary pu^r, and hi£ airily proved sertfevabb to ethuologlrti* 
in thcasnd Other COtUltfiwj and 11 rennet prolmble that the tnxpiok term wall 
into general urn aaa the Ecigleii laiigi.Luao for |Mirpupttf of i!Miphiolri^lodhtetlr«d:nn L Thv 
eompleh^ study ia designed fur publkation hi th*- rtfinad [mrt of "Iroqitde Cn^tioai 
Mytk« ? r| whieh wa* nearly ready for tin- pre^ the end of the yenr. 

For n iniraila-r of yean* Mrv Matitila rose ^tevetL^iri }mn liven invi^Tagatlngthi- 
luylhfl and ceremooi^ of the Kttfil IvuIuluh, iLj^i pn.n:n-^ nf tin- work Iwiing rtUtnleJ 
hy her ill health ¥ tL* notid in pn-vhniP p^rts, IhcriEig the oarlkr months fll the 
Ei^ejil yitir >li>, Btevenson wuw on ti-mpomry furlnn^h, and the fitateof Ln-r bcaJtb^i 
imprrivad a* to in-rmit her to taike up the work again* Accohllngly kIu^ uhx tilde u* 
JiimpIl the pividen Hif ieveriil infiDSnplete eiuptvrv anil to arrange the ramtensil for I Lir 
entire niuinigraph in limn f.ir publication. The nature and extent of the wort have 
n j jK>rtel repeatedlyj it rajuy In: not&l merely that 6tevnn«on'a* ambitLmi 
lick* k^o to latake a model nNNipt • -f the elalmnite ivremonh^ of one of the m> H 
intenvilaaag of Thi■ L p nebh> trik-H. and that it hi a -oLlFCe nf much gnitilli^alioEa tn 
aikiioiE|]i.v ttie f^Lirifaetiiry coiiipletiun of Uae work. 

Although iheir rer^iardieri were ilevnttNl primaiily to other lasdiun acttvitlw, M 
eral of the eollnhoratons Imve muule noteworthy etiJIti^tiutu of ncxiologbp aitmerial 
during tin? yifftTp the work a if l>rt Fewkn> hoi Porhj Rshtui reinin and rameiwii, that of 
Mr. MtKsney on thuftdudal Kiowa henrldy t that of Dr. Ru^ell On the oileft- 

drtn synteinS and aetotuj^uiyi ng bdk L f* of the- Pitun Indian^ that of Hr. Jenfcfi cm the 
mythology of bind! Ittirk, and that nf Hr. Swanhm nti the tnythotogic fealun^ of 
rHX’iat oraanlratien among the Haida Indian^ Ittdng i«poeliiUy worthy i.f mmifiua. 

iLiiTivn imt^ol^f* 

In connection with bk field werk, Mr. Mixmvy was ablet# make eoinv ppigrew in 
t he premiamt ion of I be Cydopedin of Native Trilw; atul w hen other duthm per* 
initli.ii. Dr. ThotfiMl continuod the t^ilhctiMi *4 material fur thl* work, Isitti fo»En 
enmnt pabtiixtionN and from I ho la^ 1 Inn^m constantly bring added to the library. 

AIniuI rise mis id h- o! t lso year the K li hl^r imiadaticti of tl#- maEiLecript history sd 
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Texas by Fin I re »■«? token up for nniio'ulioii with :t view to pollination* The 

IiMurh-ot aiitioiation h-: kindly undertaken I iv hr, i icnrge F. i iam&>n., nf the Uni- 
vetfity of Texie, ami tin- manii*aipt was in hi- hands at the dunecd ihc year. 


ttiU^TUiNK- 

All of ibe 'Tdlnbonilors engaged in rte-h I operation* mwle umro nr h^s extensive 
m|]i'c i ti« ULt- fi-r study nod f-i-r ultimate transfer to the Cnited Plato National Museum* 
Ry far l he most extensive of thma collections was Elttl iiuirie by Mr. M ijoney a> a 
means for the In. huniMry. Thk enll ft.il i'.n still remains In the Held. Hr. 

Ringed I eoLSetlftl n inis serii^ of nlijtyla repnventlrjg the arls rnnl liulitstrto of the 
lima Indians, iiuhidingu Hern* »f Isaflfcetis representing the iimh'imWi’ at well as 
the Eninlern funu?-; among the unitin' objects mm print! in the mlkftmn are lw r o 
vulendrie records in tern jftl Lute in character between the winter muni* of the North 
and l hr mugucydniok reftinb nil tin-South, hr. Few k^ made cmjjdde.rahle mllec- 
tiona in New Mexico ami t liihmihiUL i-iiriy -in lln- year, anti snlMM|iMUtly nhitflioed 
an intiTi^ttnu: series ol aboriginal idjpstH In Pnrhi Rim. iihuuI. various roHee- 
114 peih werv otnlui eic-pI idsn by pnrrhitH' under the more llJimodLale direction nf the 
Secretary, 

rbot’Ksrv, 

The property of liw Bun*m com prists ill &fjiw fumjtnre anil Apijuralug, (.21 
dhuoKni' laianUHTipt- siuil <dl«r original records, (:t) photograph* and dmwiiigH 
of Indian rtih}tH'Ls i -l i collftdtoas Itpld trropontrfly by enHnba tolars for sire in 
research, (fij a working library, ami (0) uudndribLitnl roridnn of the editions nf 
the Bureau publican,-it*. There wn* Emk change in the atuoimjt nr value -i ..mm 
proj>erty during the year. FUrehanes of office furniture were Iin-cmsidenilple; several 
mamuciipts wen- anpinki by imrehare, mostly for immediate puhhr.umn, noted 
in previous jnknigniphs. while the recorded original work prugracied ptanlily; idmul 
856 negut i vtr i glib* mu I rlIn l ) r 2, 050 piin te, an 1 1 a rn iiil! h■ r > d drawi ngs were m l i kd to 
the ooUecttuii of Illustrative DUtorinh and ati uppro^Emnti-ly proportionate ^nantitv 
■if iJliis-tmnre material w:lm tiavi! in th«- reports, M.^tof the mllmtion* of the year 
have gone dinrtly to thr Uniteil Static National ^timeuni; x^nm, like thotm of Mr. 
M-.i-nt-y. anr atill in u&\ The library has iiLidnlairivU a steely gnnvth, L hio0y 
timqgh exchanges partly by the purehm nf current etbpoli ^ books and oariy 
recNPnb |s-nainitig b* i be alwjrigsiu^. The mblitiolin the year eoiiiprlw nhnit itiio 
books an* I b r a3 pazn^hlnts, mini ng the e-jntenis of the library to 1I P 3TO iwioks am I 
pomplilets. TIjlh number id l^rk rejuirti re^lueeil threttgh the i^ontdantiy 
Irwrea*] i ig jutblk- itennind-* for ethnologic literature^ nearly all i.f tbw itiwmuouh 
an^ now oul of print. During the fimi half of the li^uil y**r Mr. J. JuRtta ijmd mn- 
tiiniid hi charge of the a> nistwliim- after Mr, JatndV re^gnatkiu Mr, 

Frank M. Ikmictt won h|p[h anted to this fH^ilnh. MissJtwie E. Thonats remains 
In imiuftliati- ehaEge A the library and 31 Ella l^iry- of I ho dfotriTsitfoa of 
ilncumj&ots. 

nruuoATtojis. 


Ai Do iM^niringof the year Mr llcrh-n S. Wwxl had charge-d tho odltorial 

work- iwJ ^-.tucntly he wu furloughs I fortmvuml .. thy, when l>r. Minn E Jouke 

iL^nniftl iditorial duties in munwtkm with his nwarehc*; in j, mr Mr W*^l 
n^umeil hi. editorial ^parity, nnd h.wan! the end of May Mr. EtVrt .1 . Benton whn 
teiji|mrarily add ft I in till- ** ft lih .rial The H-ftHMl ijcirl of the | ighl 

.^.h mpwi i« Mton* ten, tin. HB&urym J my . . I WHB 

hdletui 2.3 „n .M,n !, 11. 1[tM l ? «ft, r . . . h. (h, 

'T tf - 1 ' , thc rit i"; ri llji « ht IwiliMHbateO m the none- fmw. wlw^Upui 

tp 11 l, «rfn«gw nl.ml Iteaiel ,.f th.. .vmn ... ..f ih, ,«[»«, ^n.^g 
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the Nineteenth Report* cm delivered in March, Imt thu blndinji n( i!ll> volume*) was 
delavnl bv re osot i of unusual conditions in the lYiniiiijj Oiliuc, end tin* edition was 
not dHUveryd lit the end of the year. On January Si> the Twentieth Annual Report 
was transmitted. it is lUsigtied for pnblteaMon in one volume, and miuprlnv, in 
addition to Uw formal report, the Holmes rimwigraph on uHiri>{in*l i«-ttt*ry. The 
Twenty-first Antnial Report was iniusfiiilted fur printing on March Vi. it, also, is 
designed to form onu volume, i<nnpmiiiK, in addition in tin* formal report, (he 
memoirs oil liiijii Kmvimis. I tv Hr. Fewkes, mid Iroquois Crealiutt Myth-. hy Mr, 
Hewitt. On June mi tin* Twenty^-c-ond Annual Re|s*rtwtt» trausmitlcd for puh- 
lii-otjrjn in two vnlinner- II compriH*, in addition i" the ndininlsimlivt* rej«ort, Two 
Snnnner*' Work in JVblci Ruins, by Dr. FcwbiM, liulripua Cnlewlar Systems, hv 
Dr, Thonins, nml Ilnko; A Pawnee Cervmwy, hv Stirs Fletcher. < in January 2 i> i >r. 
lioos’# memoir untitled TeCinshinii Tests was transmitted for |ubiinatltm in bulletin 
form. At the close of the year material va-- in hand for the Twenty-third Kepiri 
hehI for tin 1 ! piuti’f |idit of tliu 'Pfpty-fodrtlL. 

Mr, Hi* Ijiih-4-v CSill rviiialnod in charge of tbo tllostTBlavr work, prepurliijf n^ijr 
fuf h mid noLfLiig pnxtfs i«f p t In * illii^t ration^ for Lint Tw^ntioth aiiitE kti-T i"Pj> trt^*, I h j 
^ made jibuiapuitrpitHfif ml no 20$ Indium, drifryiMfflitwrv di?li*oHuiHvlritiiip! 
lVudiintfon, imd tU-vdlnjH^l u ^uridoralik 1 miinbur of negative* um\v by tlio wvoml 
«»lkilHmurir9 lei the llvkl + and, m iuldifimi, Int nude n iiwlal wrfw of ibM plmlo- 
gmpta in connection with tlx? work of IM^t Ihiiuit* So Intihm Territory + uh 
jKJteil uUe where. A* hereloforv, I** wst* rafetal by Mr. Henry Waiihar. 

1 have tbo honor lo 1 * ypun wh,h nwpt^h 

W J Ml<51*. Artiny ftrrfrfitr, 

XTo&. 6 . R Lasoi.kv, 

Srffltaryifitnithmiitm JnMifrtittm, Ik Ci 




Ai’PKKDUE III. 


EKFH HIT i iN THE < iPBRATI ' MX ' »E THE 3 NTK KNATIO Cf AL EXt 11 A X« i K 

#ERY1GR 

Slfi: I k*ve the humor to *uhmit the following rtfpirt .if lilt- ni-'nilion:- -if the 
Inn-muliuiuil E M-hunge Serviiv during the year ending dune 3IJ, 

TJtewurit jn-rtalning ehp exihangi- in confined t» the hi .nthi-uH I intern of the 
^liiirh^tnimi hnililiug. The rooinR h iUv in imntivr t iluni? the »wth front (or 

a dtttmcwof H4 feet, am I In the main were imperially rtuut reeled nine year# ago for 
the exclusi ve nseof tin- Exchange Service, ('nniidc ruble zymrrt has rinee U^a added r 
making the shipping room much larger, and various improvement# lum- been intro* 
iltkud to facilitate the Imnt! ling of |jcu.-kagi»?i. 

The equipment of the Exchange office* \n <stp*daUy nilapred to tin- pncuharitLe# of 
the work, and consist#, in mlilitUin to the neoefflBry doet# ami their uAaiul &xTC#Qrict* T 
efucvmd porting tahh.* for folding and iiminglng [sirudi*, a ]am b mmibw cif l>[n-= i each 
of iv li icla. hi used [in d Lt- recap hide of oil pinveln for a single eotititry until a mflkieitl 
quantity dtaU have acuumukted to make a minimum shipment), chaw fnr reference 
l^i«fcks and directories, filing (‘naga for Iftlger wds [upon which are recorded nivmmts 
wf all Pttf'tuntfal with ™-h inm^nik'ni \ t jiiid eahinetH (^r till ei^- receipt ntu] index 
mrdi! and f^r general iwre^iomEcftns uthef article# of iiHi^ furniture ire type- 

wntenip Beale?, truck*, eU\ 

it is pertinent to date that moitof the urtkdivd oII1lh furniture anil fixture#; have, 
kxm $rtjnhm-eri from Smithsonian fund*, tlws CVmgn'redutia! appropriations having 
bflcji .flilfidpnt only for the payment of nn*t id the salaried a |mrt of the iniHK|Miin- 
dofci i-Epi-n^, nrnl the purehuaMd exp-mlabki atipplEw for packing and office stm? + 

Slnuv the lut report uf the Exchange Service, there have Imhti uu extensive nddl- 
tiohfl t-- thf ^neml i iniptm-nt nf the Exchange nffiix^ rsif jit ihn coniitmetion of an 
hynlranlio elevator for ruining ami Inweriag exchanges to and fmm the hiodlzlf p!ut- 
fomi, nod the placing of a ™-hU' with u Weighing capat-ity uf jmuiuU iHur tfie 
elevator tluifl. Tlo- cxi>cnH | i mcnrml hy Ijoth liicie ltaprDV4>nienla uaw U>me hy the 
inetitation, 

t hiring the hut fipetd year then- hue I-ecu no In^ hpe exehuiin^ tnmsmittetl tu th-- 
inatliutlofi from bhroid, h. Ioj is known, and hut otn? liutanco m vhkh nntgelng 
exdiungiw haveUn-n h:«>t i»r even iknmgi-it The hitler ocmOfrccl JVhnxary J, tim, 
when thnv liox^ of exehnnwi- for i-omitiKuidentit In SthleIi AturtmHit weri ^ktirflv 
ilratfoyisl by wiitff Wblli- n (In' «>4i^ lujing ertinpibhwl in it* Jn.l.l 0 f tlit< Mratiwiiijr 
whifli wan ludiHnf> m Bruofclyn, S. Y, umbihitur w:ih m.tiO^I 0 f 

iIk Iua, sln in ibc cujftotii ibn Ijii-titutii ti in sneli autv, with ihr n^tli tlwt tniwi 

■ if tlie |mhh("aLti .ri- w un j itnptlmU-ih 

rin wnrfe Jiwrf.ininsl by lW KucbMigi- Sank* iliirinit Uii> yvnrwul tlwoicfamt b. 
whleb^thu influMi™ .*F III,- «rvi™ |h ffdt tlmm^iont Hu riviliiecl w.ij- 1,1 is *\hwh in 
It# whuu fealimv hy the aeuaiijuuiyiiig tabk^. 
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Poring iheymr^iMT wuw nivinwl fnini dbruul for (iistribiitlfiii, hikI 

>17,1411 jjvcb3gra i.jf i[»riuvrtfc juiblii-ctttntis wore »nt b< i:oms|*™lentp -riiiLwiila the 
United Slut**. making fi lotul rtf The we^atf- weigh l of thf** t-« 

w'fl? aAMlftpnuiil*, or mu Avenge of little over 3 pound* [ter jwckqg'h It will thus 
In- jHL-H*a p by iihin|i:m^irL nidi tlu L report, that wliilv the total weight of the 
muciv^l nil11 1 r-iiinnilliil during the year ii«'Hriucxrfpd those of the 
ycqr following by jimtnilH, the munlier of |iw.fc«#t9 handled iltmng the latter 

vi'sur en'Oedcd those of tha |rrrcuduig ytsir by 4, iltu. 

Tlie tinuliert.il |^ , ktuA j -*nH.vUvd frimi abroad for United Stati> iiiivenuiieut«sal*- 
tirtiuwnlHU,£flO p while Um» F»nl under authority of Cnngrvm ami by 
United iToivmioent departments mill ImreiiHN numberedEliminutiug 



Fm. 1,-Cbit iepir*-mltiir ih>- funwo at c*<*tiM3|TC t yrnmlad giw In ma- At pmi«li h tram ISM 
Uf f'jce, difklMl lulu ik'-HihIh »r rtvi! yearn 


jJl ifiutHiiiiwif.ry. in bulialf of ill.' railed State" Uoverm&Mt, the Beicntiliu jnublua- 
tiuns mf mvivtil hy individual* a^grt-j^ti-d 34 t 2?S 0 «tt?»ia*f 

urn! 27 P H57 im-omlng. 

Tim H-veniMasH* atid Lhe nurnbor uf pHckninw in ^kae, tofetti^r with the 
I n- ri'i-e hi^i" m Uudi iimb ruWH'isioii hi tlio whole, lire ^ tullowe: 

United Stino- < mveifununt i-Kdwtgiv, M pt-r ivut: 

t.> iltfs ignpt wl ilfcfjMwitorigH JibriChi under tl W >ut of Mutil 

MW. ... . . . . . . . =»>»» 

8tnl by United SuiEN—(Cinwfnnieot t^bliahineiite.. -- ^7,513 

Receivi^l fruwi abroad h*r the Library of i.Vmgw -.. 

Hn riviil for nil other United Shiti^< iovt-rninrtii hthiilulkiu-... 5 n :U4 


m r m 









































































KF + mirr of tjhk becrktaev* 


m 


iScienlifk nnd Lischanp^ r 4^ iKTceatt 


Sent abroad. . ...__ _ 34,27* 

l tt»oeived from jkbn<n3 ___...... ._ _ .^___ 27, ftTi7 




..............................12fi P 7flB 

ll hj 1p £ ]H*dblo i«■. give tin- wiiurf weights inf wurtk rfass of Imt it a* 

estimated that in the ligj'rvgiile the iiublkiitiomi raut uei> 1 iwdvivL for the various 



L*ohafigis& abroad 

Exchanges recfliyed from Abroad _„ 


FJFh 2.—I tmrl rt-f ir^nllfuc tlif Im-mwo nf txrh*|ij|ft imn-bi^kiiui n 1,euqd i^n |nTH9 i<i im. rim! nh.. 
wi iHPf dWfttHUfcm In ihr UttlM riiiriiur ihi- huh. i-n.nl 

Oovt'iniiH-iiutiljiUWiiiHWtH nvitfLn-.t il*um iSJ>|.>ri,f tfifiotuM all inn:iNiiiiwjniiH 
fur thf year, or AlxjUt 35^000 pounds. 

Ky o.mjwiinijn, tliu nfflpt* from atari an- fur „ mttafii.li.tT .-.riva- 

U=fli <>| Um^‘ wnt, >*sped*H ? with rwni U> ^nMiwR'ohil nh-Ihh^. Tin* .JLl 
w finally bdr* rijurtixl by mm« wuulrifts and h U i^i n „, t iu ^ Ml 
■Iwlant futim- iheitaluwp* from alimuil may !«■ miuriemhlv tan-aeri In tim 























































































5frti!!i*»in!nn ftan^ir, IMS. 



3 


o 

u 


X 

h 

O 


■0 

w 

*- 


t s. 

!5 j 


< 

-I 

- 

Ql 

Li 

s 

K 

s 

t 

- 

- 


:= 

CL 

ill 

az 

K 

£ 

* 

X 

Q 


































































































































































REPORT or Tiin SECRETARY* 


rmuiectinn f beg leave to hii^Krl lhat wwj u rvpr^jnt:itive uf tin: instkulion iim* 
stuwttj fm the prcniiiiI, devoting hh attention to tJio n-ijttJi'iBcncrii^ led «niy of miir 
notional library, hut of the varimi* departmental till rune* In iho matter ^if evehangut^ 
the return* f<ir the pqhlf&tJotiH now generously distriUilM by tin- t 'mini SlnEe* 
would HNiti t*? greatly ini'nc^l, if Eiut (jultu 

Following Bi rt- the felal minder of paircetB Beat Ulld mehed 1 1IIH Hit the V«r: 


Shipments, ?.Sll per ffciiti 

Tinted Etahw Govern men I exidwngeg... . . __ ._ 

Soil'll Eitk- and J LI Er «1 Hm 314 ^ 0 «ir exehnngi* .... . 3127 * 


Receipts, SI jkt cent; 

Halted Htutrt Govern Hu-Ill *XcLkUlgi^ r - - - T „ . ... M F ^Nf 

Scientific andmlflccUaiiftOfi* ext-liango*- ..._„ „ ,.. 27 F :to7 

-- 

Total 1 b .. . m r 7W 


The number of e>>mspoiKl£noi m thu tniu-4 Static ho# mtjfhwli n.nd of a*7;ii+, 
the inereaiie daring the year having been fiW, Thek> are non- 33,200 naun* of 
Libraries and individuals «n ilu- M.nprb «f tin- Exchange s^iriut, ft-jinwritir^ :m 
increase ol 2 r 4&5 noma during the year. 

Thosiun appropriated by Congress for lhe support uF tho InirnuiEiiMLal Kirjumy^ 
during the fiscal year wu* $2|p0n0 4 Wing Uiu same jl * 1 that granted for each of the Iwn 
Li li 11 hH-iI uiIh> 1 y pmiilbi; your*. The ilHmtiim id Ehnwouh ILh inimmiElm h 

was railed by the Beuttdary U* liiy irimbnpiaey nf the Appropriation on m-emint of tin: 
rteady increase in the work of the service, the improvement inaugurated therein by 
?H]edUulmg ocean espies for Freight its a medium of tnuigikiriafian, nod iheaddl- 
-mial n^iuirwnenta tiiat the hiHiituEiiin would be obllgi-d in meet by rejuwt id the 
adoption hy Congrtffl un March 2, lftOI, of a rogolutioii roipuriaig the Ttiblir Prime r 
to deliver to the Library of ruugre*, for Us uwn inland for lute rout iuualexihanae, 
02 instead of nf Government jHihliration-, 11 except ab sindi mimlier^hjilt Im' 

enlArged to not cxytkd LOPcnpi^ bv m 1 1bi^l of the E.LI"miriiin of tVm^nj^/ T On thin 
BU'amnl t r M]L^ri'HF. in ilk Kiioiiry i-EviI art appnivtd JLiior 28 + miw 1 til tinird an 

Snervifcse nf f2,OOl) F or fL^OOO Ln all, fur th« ntfjct tiR-ul year. 

Owfnjr t-»a n'Adju^tnmnt of the iLuihv <>i the deputy coll^ctora of the port of Now 
Viirh, Mr. {JUpirlrfl A. King qtlcrfkklral Mr, Johti I". WHlKutiH! uU FrbrliJljy 7 h H-NlL 1 , fly 
tllC tyf&^T dmi|^lAl^) by the mltector |n enter ami vith 1 for ititiMliatlolanl I'lrlum^ 
arriving from ahroaiL 

Detipitci the coiiptmit cfxleavoro of the InsUtution in establish miw mlv^uate 
exebange relntiona witJi th« OnvemmenM of Japan and Chirut P all i ffniris in thnl 
fUroctloli have \hm far Urn futile. Only fUEehangui fnr govemmentA] ami native 
LdiiLtatioim] inMitnthm? in Japan eaii Jwlribult'il under the jirf.^ciil nmin^nieot, 
ami all other '‘ontribatkiun are tberefow dm^FiLnitwiL In China no fidUtiw an- 
piovldfid fne tho oflSdal distribution of and tlw Iohtkutkm Ijjlh mi mean« 

nf diehnhnting fareeb in the Kmpiro extypt 1 1 1 .-e>- U-;irinu: aJdttin Shanghai. 
•,vhii'h ar%^ ileUven.il by the enurtery uf the Zsrkft-He' * d^Tvatorj'r 

TIiom far i m^it Hritaiiip lienintfiy^ atid Aitstrla-HLingarv lure not adopted the 
imstom |irevidling vh*where in JUirope of oihrblly piwiilltig for an iutemuiioaaL 
exchange of pablioatSonf^ und the SmlthRmlin Insthntion, with the ai-l of funds 
provided fnr the unppOrt of the Eaccluuige Servi-x, Um >o?en oUigi^l tn inyintaiEi 
Kiljiried aguiit# in «n'h of llu-H fc eonntri^ and to bear the expense uf dbtnhution of 
a*, wail gjj for tnuffiportlng dia pabhoatlttnfl nf tlu:.*^' ixiiintritR to the Hiked 
StatM. It ib hoped, however, that the m\G that have lieen taken from time to time 
totuijitft thh? hietji.ini it y hi Ihe qxchxnga system may eventiuilly W nuccwfuL 

The Institution lias l*en eapecWly fortimate in the snleetlon <u Its agent* In those 
countries when? uu provjaioti baa nm«le oftdaUf for oqodixdiiig exehjmipa. 
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Dr. Felix Kltigel, Measi*- Will iam Wi^oy Son, nnct Dr. Joh^Ii von KhrT*ty t 
Fm-uil^l sit Unpii#' l^nilon, tmd thinh^l. reapoctivs-ly, have faithfully AfrviHl the 
Initiation for iiiLikiy y^aif. hf. Mfiuvl ha* given, nioptani Attention to the wirlee 
for nearly India runinry, while tl» Mr£gr& Weelry have netal the n^enta of the 
[ntfitdUon *hiw 

Ml/nr ifffrmfTif fif tf\s ^uri -/ th- Ktehm^JS + 'Vm>- ifirrhi^ JtAr ri 


ISfclr. 

XuHiKr 
uf jark- 
ntfiW 
Jiftli' 

dink 

WflKtit 

>4 

w* 

IwtT- 

died. 

Nmnbit *d w »mg|tfmdtnila J nne!«, 

Mi'll t 

ilnWptlp 

m° 

d tenm 

i'itfaT 

■ UrcvuL 

F'ih!iKi3 

■with 

IXmitrtfc' 

KiutSkh 

Indf 

vhlmk 

ftunmic 

Jorll- 

TldtHiK 

■ 

l«], 

Jtlljr , _ . . 

ic. mi 

Mi* 

ikm - 

ft. ml 

tmh 

12,714 

V>S: 

31 .VX1 

fti.nw 

2&.30I 

_ Sf-iT 

4'i i<P 

IT r lL/J 
VpM 
J Jti P 470 
31.070 

[t]. irjk, 

— 

j.| 

..j 

........... 


........ 

AHftttL... .. 

ft:|jtitfnbt-f .._„ 







4 N'E'^In-T ......... 





Kamtltfr.. 







LuTi-iiibi'f.. ..,,,, 





im 

JfmiiCHITX.. 






FVtimuTj- ...... . 

Uaivh........_. . P ,,,, 











April.:. 






MiJ ... 






JuiU'___ 




f......... 


Trrtiil. 






IZt,1W 

* 4,73a 

Jr.fl, My 

-17,^0 

U.Ttfu 

ttfi 

It, 1st! i 
iJift i 

| J7.70E M.-V.7 

1,440 HU 

33 P [»! 

* E.*k7 

W 



IP iJftTttif. 


The folfowiiig table shown the mmsh-r nl pni'lui^ itf exelmiip^ limnlli-xl und the 
iH£mfc*rJh the ftnmlH-* .« i nfivj-jmnilem^ ^ jv.ir Imin I sLiT> 1 •. 1lM2: 



t^ot. 

r~’< or. 


IM^W. 


ItUdl-SSOL 

?h'ijmbt k r of M-i t’ln -l 

SBtSIA 


M/JLVi 


na.jpctt 

itil.MO 

t^7SCi 

Wright rat |MirLfl(rn^i fm'jTPtt, j 
l^andf ............. 


’iiT. lit 

msi r i?/ 


m, w>i 

4H P 377 

" ,W,lh 

C,lWT«*fi4EriniU; 

^ft!p HrKrlJn. 

K*rs* 

u p ill 

til, LlVi 

I0,*H 

t 

lIrSfi 


Pin^iiro .... 


It?, Bit 

1^T7* 


JfivEft 


IJ.7DI 

[fciinif EJi< mn^lrtln.. T *.. * *. 

5, m 

i,4t F ' 

^.K3 



3456* 


TK3in«dJe 3mtS vld mb 1 ■... - 


i, i;v: 

4,ast 

4 t m 

rip. mu 

MKt 


l^rkiYfTi^ tra dntntrsilr ndd Ecrw» 

! si.ooi 

23, IU 

31 .Oft? 

an,«ft 


31,3117 

33, W| 

Ciuw ithlpped ■bn.md, T ^r TT , 

l.OJI 

i.arc 

l.JEKli 

1. -¥hi 


i H ?7.7 

1 


VOHUFOKUuVm. 

Til!! mart uf e*cb«t|w n>m*p'Hn1ijnt*4ii Uii-ukae „f t | ]( , nur ™atfliiH*i 
oddm**;*, being an tartisee <>f 2,4®S mvrthflfe nf tin- prv.i><iu!g lx , 4P T | n , fol | m _ 
ion table giv<<* tlu> number i f cnmjBjwmlentfl in each <xMunr|> aiul aLsosarvefi [o jiliuj 
I mte the tk'ejw of the ptTVicv- 
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XkmhfT of w nw y w M toti «f thf fttmmlitMt Ewin/tjc ,'imW i'ji mrA .Dmitry ■ •« 

Jihk- Sri, /.w?. 


Country. 

(kirrapuaieiik 

CtmiHry. 

dprm^QHliQtiL 

Libru- 
ri et 

Iwii- 

vlrt- 

Btlh 

TcpIuL 

UUlM 

rti-L 

1 nOt- 

\‘Hi 

un»K 

TfjiaL. 

AfKfttA* 




.tMKTiir.4 (sortti s—eon- 




A Ijfrrii* . ...... 

X! 

g? 

4ft 






1 


i 

Wh^E Till LtLL- - 4\ i[| t"l | l HIM 1 




Anrn . *... . *. *++. ,**. 

IV 

}ft 

■ji 

ftfl.rT.n4i1.il* T *.,, 

i 

12 

ft! 

Ivtrn ............ ..... 


1 

i 

hti 1 nilmis ............ 

& 

1ft 

ID 

Hrittihr«nifpt) ,\mr *... 


1 

i 

ftiirn Ayrr-.... r. 


1 

1 

J i N Elnli KrtflE .lifSciL.. 


1 

i 

tiulm .... 

4ft 

112 

Iftti 

i'unary Mr ml* .......... 

1 

W 

T 

1 .. 

1 

4 

0 

Cutlttiy ___ 


TH 

]_o 

Poirainbi* T „,„ T111 „ 

ft 

7 

ft 

rti[n.- Vrmli: liM».. 


4 

1 

ftinuda ,.. f „ T+i ** ++ 

1 

ft 

* 

fVmpi FmciRlaLto . 


s 

ft 

l"il4RlSt']iilS|K'. .. 

w 

ft 

t 

Gem . . 

m 

sc 


Ifjfciii-.. 

ft 

*! 

& 

froDeti rvin^rn__ 


1 

1 

JofnaJcA ... 

Ift 

SI ‘ 

to 



2 

■* 

■.Eii rtinlitiN. 1 


i 

i 

rn ill i Ca\ qn4 P »,.. . „ r .. P _ 


ft 

ft 

M-iti WffpT 


ft 

7 

Laiti™., ++ *.. ++ « fcP . + * r ... T 

2 

ft 

-1 

Si' ¥ -r - -* ++ 


i 

1 

Liberia .... 

2 

1 

A 

fftrto Rk‘t« . 

4 

20 

ft 4 

E^Min-ni■»> Miirqui-i....... 



»# 

PI. HuiiholnTTikivr,,... 


2 

ft 









Mii 1 liliTII-»rif. 

2 

A 

S 

tit. (’hrKtiijibir. 

2 

4 

« 

MiiiU'Ira.... 

3 

4 

7 

eM iitsAi ... 

l 

| 

4 

MiLiLriltcu........ 

12 


1ft 

Si, KuLMAEftw .... 

1 

i 

AliiftHTo ,...,... . . 


Iff 

30 

PL MarEJn..,. . 


i 

ft 

Vmnblqiait........ 


1 

| 

m, .. 

j 

i 

£ 

NnEui ..... 

u 

is 

^2 

til. Tin Km a*. 

£ 

i 

A 

MruikK? Hivcr OtboD-y_ 


1 

1 

til. V111ri'lll ... 

l 


3 

ItLiiUlmk ...... 

if; 


o 

SAiilo IKhjijoCi' 1 ...... 

a 

11 

H 

St. iiL-Hi'n* 

3 

ft 

ft 

TctJMtfti....... 


1 

1 

Hcttc£Al... ,.., 


3 

T ft 

tflnirfml . 

il 

]J 

S* 

Li ^■ho... T _ 

i 

A 


Tiirb KtflluS* r......, 

ft 

ft 

H 

Tnaft^Tfwfc.. 

u 

Hi 

2T- 
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jlinwnl sort im Increa^ of 3,467 in the trarimii^ori.* fmin I’nitefl Statu* f ;ovmn n rnl 
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Angola, (-Sr* Portugal | 

Argentinn: Mu-^ ftdrhmah ftwmos Ayres. 

Austria: &, K. O&iitnil-CaiEiiaiBHioii, W icn. 

Aiorefi. {£*>■ [Virtikpil- > 

Belgium: {"oEnriiwfon Beige des* Erhiui^ Inteitiatinnsiuc, HniAwd*. 

RciUvk: OUdtm Xnrimutl de Inm%tiie1An + l>tiulfarhtt y Propaganda itcog?r£f|cat 
La Pfli. 

Rmzil: Bibliotheca Sneicmcil, Rio da 

British CtfUatkie*: t’iwn AgenM for tV <>)abk* h I^tidnn, England. 

ftrili-h liulvu. I>^r RrUifth Ctdiinh*. i 

British llutithira*. (Sm British CoJousta. i 

Bulgarin: hr- Prtul IjGVerkiilm, HotisL 

Canada: Packages rent hy mail. 

Glusty lalaftiln. <| Siv Spain.) 

f kpti Colony: ^aptuiiffcondent of the Stationery Bapuitnl, CApo Tiiwn. 

Chile; Univeniiljui de Chile, Santiago. 

Chinn, (frhipnwfita anwperideci for the prwnL) 

Colombia: BibLioteca Nraoiomd H BogofcL 

Costa Hies: (tfteinad** DepMto y Cmije tie I'liMi^m-inru^ Sun JW, 

Denmark. Kong, Dimricu Yufoiihka.ljerni's Scl. knh, Ctapenluigm. 

I>ntch Ununn: Surimuunwhr Knhminfo Bibflotlieek, Paramaribo. 

Ecnudor: Rihliohi*a Narionn], Qtiho, 

Ensi India: India Store Du partin iinL h India Office, Lon don. 

Egypt: Socidte KHviak j do G^ipspLit, Oudiri, 

Fiji Islands. (toe British Colonies.) 
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Fmnir; Bureau Fmo^iii dt* flelmtigon IntorimticmjmX, f^ris, 

Friend ly Inlands: Pteckiges sent hy nuiil 

tii»muuiy: Dr. PeHx Flufret, Acawpere IMic^he Fltu^ IS, l^jicig-fiflihlb 
i m ili L Cowl- [Sr*- Sritfeh OlonicF,) 

BritJiin adJ Iivlund: Willku W^lty a Snn, 2H f-Wx street, -Strand, 

England, 

Greevt*: FroL U. JL BliIaahL^ci, Director, Anwrkfljn Sehml of Cluseirs! Snidi.tr, 
Athene. 

i \ reen [lliii I. [Ss, | j^ei mark.. 
i i umkrtoapo. ( .Srr Framv- j 

I Minion killJtr Institute National do t i iniieciiEk lji, S MinteM laIr. 

1 1 ni[ht-ik- [Set Portugal, i 

I faith Seer&alratPEtat lies Relation* Fjclorlouim, Fort mi Prinee- 
1 [undone: nibliottni Noe ion a I P Tofjudjndpft* 

Hungary: Dr, JoflepU von Kdru>> T p *Uted«utei M Btklajie&L 
Iceland. [Set Detuoark, * 

Italy: EHbliotecfl Njulniudv Vittom Euuuuiide T Rom u. 
laiuoka i St* British Colonies, i 
JaviL ! St* Netherlands*) 

Komi: iVkogfH sen t hy mall. 

U^wunL lekndfl. (Nrv ISriii-li tViloniue. \ 

Ularift: Care of American (Vilonlutibn Society, Washington, District of Cdumbk. 
Ld xeirLhii ry. ( Sc-r (lermnny, I 

MuduguKiir. (,SSw France.) 

Madeira* t St* Portugal. i 
Malta. [Sec British Colonies, i 
Miitiriti.n>, Brstidi Colinuua. ) 

-Mvsitii: Package* Kent hy mill! . 

MoAilnbh|lie. (Srr P-irfllignl .) 

Natal: Agcnt-Genere! for NuljlI, London, England, 

Netherlands: Bureau Ek-icntiHquiV Central NiVrlundais I ten fielder* 

New Guinea- (&< Netherlands.) 

New Hebrides: Package,* sent hy mall- 
Newfoundland: PKkagea went by maiL 

Now South Wake: Board for rritenmhimnl Exchange*, Sydney. 

Now Zealand: Colonial Miihuid. lVe'IHugtoQ. 

Nicaragua: Mmteteriu do BpUickhmw ExtetiuriWi, Managua. 

Norway: Kimgi lige Norake Frederikw Cniverailet, Christiania, 

Paraguay; Care ttoHiUrcnmi of Paraguay VV^liiciKtoo, District of Columbia. 
IVraifl. DSfi'Ruiam. ) 

Pern; BiHLotecu Naekmal, Limn. 

Portagal: Bibliotheca National. IdaliofK 
S|iiimW: (Thirf ^rrbry’ii Olfiw, Brigham** 
lloutiumm. {Sr* Germany,} 

Uti*du: Cosnsiiirwon Kusse dee ferhangee Intemotiohaus* EHhUoLheqiiu Imperial* 
LVhliipm, fit. Petersbuig- 
Hnint [fetatui* {St* British Colons) 

Santo Domingo: Pofckivgew st-tifc by xnalL 
Sun Salvador: Mu^ni Nadoiid K Sun gulviulnr. 

HervLt ( St* f lentumy- ) 

Siam: Ikhird of Foreign Ml^tonaof the Prrshyterian Churth, Now York. 

South a frie.LJi Bepubllc: vrEUbun Wtjsky <5c fkm, 2H st nwi, Strand, Lnulon. 
South Auatnilia: Aatranmniod Obaemitory, Adelaide. 

Spiiici: niiL-imi para el Cnnjede Publkadones OdeinJca, Cientifiai^ y literariaa. See- 
uiop de Propledad Inteioetnal del Mluiiteno do Potiionto, Madrid. 
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REi'llliT ■ *¥ THE SKI KETAUY. 


Si riiilrt Softlei 11 «itu* i Ah Biifish S. h mih- ■ 

SimiaitR. NetlmrliLiubO 

Syria: Btunlof Fond^n the IW^yierian num b, Now York. 

Sweden: KimpLitfa Svtmeku Veleiwkflf*- Akinlomioii ( Stwkh’iliii. 

S wi | serial* I. Hililiotlitkjue ¥h |rnili% Berne, 

Tnrnimoia; Royal Society of Tiu-nnUnn, iMairt, 

Trinidad. (Nrr British Colonies) 

Tiuiisu (i^v Fruurv. ) 

Turkey: Amerinm Ift-unl of rnmnus-inm^ for Foreign Uiftrfonr tio^un, Mnnui- 
cf UlMrttF. 

Turk* lhluiS" Ik (Ntt Bri I W » C V do it Lr*.> 

Fragimy; OlMuade NeposUii, Iifjmri-i y Cfcuje fnteimftlonaJ r Mnnieviileti. 
Venezuela: Liiidin Niu imwl, Cfin^can. 

Victoria: TMblk library, Miraarci, and National Gutter?, Melbourne. 

Western AwtIthIJii: VEutorial J\il»lu- Library, Perth. 

Zaiudlair: Package »mt by mail. 

The di^tribillinn of vsrlum^L^ to foreign eoimtrira wam mode in , 4tM of 

which cotiluti thiHl official ilorunsenbj for authorial dejittdtorieft, ami I he contonii of 
1 t 381 gatN-^ i'imfcUtn.1 i>f Gotrnlilieiit illul othur Jlllblkatiurmi Inr mirtl'lkoeolw COrftS 
wpnndeotflL Of the latter elra of oxdmi^vw the number w-nt to each country k 
giron below: 


Arguiritmu-,..* 

Aii'iiriti .. . 

Belgium 

Bolivia - T . T .... T . 

..........___ 

hrilinh Colonies --.. 

t aj v Coiqoy ........... 

Chilli! , fc ......... 

Chile _,._ 

Colombia . . .. 

t.V*4n Rkn * x _ * ......... 

Cul^l ---... II 

hen mark- - -... 

Dutch Galium —.-- 

Ecuador -- 

East India -- 

.. . . . 

Franco mud . - 

ticncanj ...... T . 

tirwil Britain ?uul Ireland 

Urwscc... . . ... 

(tuatciL^la... . 

Halil .. 

Hondama., ... k *....... , 

lluipry .. 

Italy. . . — 

Japan ........ — ....... 

libcrin ..- - 

.. ...... ■ 


37 N’liln! .._ .... - 

... 54f Ntw Stmtli lYoluo 

... 42 Netluniaiui*-- 

-I Now tturiauil. 

_ _ . ^i'j Nicaragua. ....-■ ■ 

U Norway..... 

if L'uni^iuiy ........ 

L IVrti.. ... ........ 

i ft I** ylynefli ........ 

fi Potiu^rtt - _ 

_.. 12 QmstfzidAiid 

T __ (■ ,i LkHiinuuia 
_ . . 20 K(iMt>ia ...... 

i^\ Suh'llrlor ......... 

.. _ Si Sail Poriimtfo. 

... i:t Sterna,.._ 


... 3 

.. nw 

... M 

.». I7it 

... 15 

... i 

... 4 

... 22 


Siam _...... . 

South Ao^trullrt .. ._ 
South Afrfi^iTk Sh^ntlili 

Sj || LI IL . j^- w fci4r 

Swindell.. , . .. . . 

Switjwrlftml_ 

Syria .... 

Tu^lJMlUkiiL.. 

Turlsuy. ... 


H7 

1ft Veutfltuphi , 

2 Yii'tnriji ......... 

r < Wet4i.-rn An-tmlia 


■J Ihu'kniet-^ wilt by mail. 

^Jmduih'd hi tnui“jLsi-^iun,- to Xeihcrltunk 
^Iudiidt^d in ttcqun^onA to Geimauy 
^ IncSudn-iJi in trtU|HTiilj*r-ari# in (ir^i Britain. 


... 1 

... 

... 37 

... s 

n 

..- 20 
... 2 

... W 

— (*> 
... ia 
... 5 

... (*) 

... A7 
... & 

._* 1 

— * 

II 

. W 

20 

... 43 

,*** 43 

■»-(-) 

... 3 

... 10 

... II 

... 25 

ft 
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Tin* follow in;; ia a lift d <li<i«wUirit.v Ahmad Uj which sett* of Stab* (tov- 

m ,m-nt j.ubl Sratioua am Cent under the joint i«dution of Cwgrc* opm*! Mmrch 
2 f itus;, Onelm* d currant publication* woe forwarded to each depository on Jmv 
h tfinl October :»4, IfNU, and «n Jrtininry 4, March 17, and June 17. IMS. 


Argentina. Library uf the FflRign Office, Buenc* Ayre*, 

Australia; LVjnnntmwoallli or Australia, Melbourne 
Austria: K. K. StaUtfiricho CVi]LraUV*mmi^inn F Wfea. 

Baden: IJolv^aitflts-'Blbliotbet t FvnibuiE- 

Buvaru: Kfriigtiuhe Huf-unil SUat^Bibilotlick. Mfitichcn, 

Italgbnn: EoyaJe r Bruasdi, 

Bnull: JtibLSotlifcu National, Rio de Janeiro* 

Ayres; Library of the GvmmaaA -d the Vnrinev IhwncB \yw t La 


Plata. 

Canada;: Parliamentary IJbmry, Ottawa. 

Chile: BCMMei»d*d Congress Butiagfe 
Colombia! BiUktaa Nadpual. Bogott* 

Ctmm Riot: Ofldiiacl* CepWta y Cutfe dr PuMlcaidoiwm J«£* 

Denmark: Kinijfiiips Ribllotfiaktttr OjjaoluffJB* 

England: British Museum, London* 

France: JHtriiatlifriua NatiDnxli.7 Paris. 

Germany: Drataclw RidrbHta^Bibliotiw^, Berlin, 


Greece: National Library, Athene* 

Muili: Seen?tain* d"Etat dm Relations ExtfiekunWp 1-r» * L » P*m“ 

Hungary: HtuaipRui Howe of BtuLapcfft- 

XiiiJiiL: Secretary i« the I fovemiuvnt of India* Calrntid- 
Iri liLinh National Library uf Ireland, Dublin, 

Italy: Rildiotei-a Nfudonale Vittorio Knaanuek, Udma. 

Japan; Foreign Office, 'Tokyo* 

Manitoba; LegWailve Library, Winnipeg. 

Mexico Mam NaeknwJ, Mexico- 

Halht rknda; Library ot the State* Gnictelp The Hague. 

NVw South \Vn\ivi Board farlntoruationiiL I’srhan^, Sydney. 

Sfisw fa*Ja»d: General Assembly Library. Wellington. 

Norway] Dejurtewcntet fur dot lodte* Christiania* 

Ontario: Legislative Library, Turonto. 
tVru- BibU0t1n.1i National* lima. 

Portugal; BEHintfora National, Uebnn 
P mm i: KrrtiigHc.hr liililtuthek, Berlhu 
Quebec: relative Library , Quebec, 

QwewkiiiL iW^AimBitary Library, UtmIhum. 

Kliss'ui: liDporklPublie Library, BL ivtwlmf-. 

gixony; Knnigbelve Biblloihokj PRwitB. 

SoiitH African RopuU&K Dcpertmeat of Foreign Affair*, Pretona- 
Sontb AWruHa: Parliament library* Addajde, 4 

Sja,,,: PrvjtrifcdMd InldwtotL^l Minlrtenode Foimnuv M.uJr. 4 - 

Sw*<!<'n: Bitdtotekct, 8 tock 1 i- 4 in. 

Sw iLwHund: Bibliothi^iW F&Mmle, Bffiut- 

T:L-mJinin: I'jirllmiii-iilflry Library, llnlmrt. 

Tuiiey: Mintater of Tuhlk* 1 nstnu lion. ConatauUnople. 

UdH« nspfoito, Itej-uto y G*nj« InhHMole^l * PnhUfltelooe*, 

Vcntvurla: Hiblloleca S^cmsuil Cnmuras. 

Victoria: Public Library, Udbohnifr 

Wedcm Antdlh: Vktoria Public Library, Perth. 

Wurtt*mb<*nr« KOoigUobe Bibliotbek, Ptitttftnri, 


n 


REPORT Or THIS SECRETARY. 


I'.mcmintnt*! eiehantfre hr Quebec iieUto, Toronto, Winnipeg, and Mexico 
sm fc frnt POtsJfi^l *1 tlis" Invitation unlil on entire Ijox hu* ueeuiimiiled, but nrv 
11 roii i j he \y 1 1 ib'jKLi i ll«! 1 iy n-iI tuihi 1 a* nxm n± retfivwl- 

]>uri»K Kite year Several tfepositorii^ liave been m hied nnd rouerru. rote Imve hwn 
contributed* li^ follows: 

The CWniiou wealth lit A astral Lh, the «-ut of which in temporarily si MoHtourne,, 
wllh udilt■'l cjk Hoteinber, IDOL and on lls& Mth of thiU month tin lwuEtw wuftt shipped 
in can.' of the ut r Mmey-gi'iirnil of I he CommcimveaUb. 

On September 4. llhil, u Hhipiiii'itl wiui made t> the ^ution&l Library of Ireland nt 
I hi Min, eOnEblioif nf Itoxest, :ii hI thesmo number was forwarded t++ the li^Udd- 
tlvG Library nt %Kd»ee ?m July IDOL 

The Lepaltttive library of Manitoba at Winnipeg wjuh ptaced on the list of depori- 
ieruv January \tl r VSYl r but only reLertirma have thu* fur Iwen provided. It i h 
expected h however, I hat u itiOTV libera! ■--mt ribu li -11 b prill 3 m made when the iuIiJL 
Uonnl provided under the joint of )kh’li 2, IDOL uni nnviVHl from 

the Public Printer. 

|Ch >|hh, |fully mibmiUtmL 

F. W. Hodov, 

drfijjjf iWim/or of AVc/wm^i. 

Mr. £. \\ Lajkii-ct, 

J'krffUtfrf «/ ihr HmMkxmmt /utf*J l !itiu?i. 

Jv iv L MGS. 


Amsinnx IV. 


ItKPffflT t»K THE SUPERINTENDENT HF Til I 1 ’ NATIONAL EftOMiGlUAL 

PARK, 

Srh: l Imve the honor t.P htnwlth submit the following rrpurt relating t.» tin.- tun- 
iUUcrti aikI operationcml tlw Njtihmnl Zuoltjgfeil Park for ih* year ending Jun* 30, 
1902: 

AI the tiloHft of Hint fteriod the approximate value h 4 the proj^rty belonging to the 


park was ilk follows : 

RuUlIlo^h for animals.... ...— .. -. ----- -■■ ^ l> 

IhiililLnpc for w I rn mi<-1 mli vt k purpoWB--------- L-i^ inki 

Office fumfttin*, book*, apparatus ate*,---- - - ■ ■ ■ ■ ^ W* 1 

Machinery i took, and Lmjiknirhla.. .— --■ "■■■■ - P 2C0 

Fudlw and nutduar infeMares.. .....-. ** r, « <l ^ fc 

Roadways, bridges! [wthn* ru^irH?aiiJ P i.4a . ..... 

Nurseries. .*.**., . ---.■***--. --»..— ljx.nl 

Ilorwia. ... ..--*+■*** 

Aniiuxb in ftHhlogjcal eoUoctkm .. 


A detailed list >4 iIlo animals in the collection appended liiwt... They may I*- 
HushIh**! aa follows: 


f 

tmlijcti- 

IWJLI*. 

FMfiii 

Cfttwl 

TuuL 


..... 3H7 


7K 

Jflfl 

Blrtf ---^_- . r. 

,„ 1P .. m 

fift 

-TO 

Sfti 

H*|-tik*. ■ ■ - . ...... 


j n 


l*fi 

. 

.. 

m 

LET 


_ 1 





T|io '4 animals daring the year haw been :t* follow*: 

Pm^ufod.. .. —...... -- — 

Purchased end wllw'tfld + — -——.-..- 


Kemvod from Yellowstone National I’Hrk —.. 17 

Received in exchange --------......... 

lieim In National Zoological ftirk.- -„_„**..*.*.*..- 

Captured in National Zoological Pork.. ... — 

Totals... .......... 3M 


Itaridia th«* animals about M gray aqnhtali w^n‘ purchamd during Dm year uiul 
set at Liberty in the pivk- 

The cost for pfivshAft. ooh^tion, and transportation <4 tluse aceraaioiifl ha* bean 
|3 r 500 r Besides thi* there lias Wn spent for books, photographs, apimratus, Add 
liflkiLh fuminin’ the Fttiu nf $J K W.M), 

The appropriation for tint genend aervke of tin- \&rk was uiadn In thi- following 
lemwi 

For continuing the tonifmntfkiii of roods* walk* bridges, waiter supply. sewerage 
and drainage; and for grading, planting, and othentfee improving the grounds; 
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RKPOBT flF THK HKORKTAHY. 


riveting mu I n'lnairing Niildingrt and inch won - h rans, mbswtiende T purvhjiF*\ und 
transportation td animats; including t^kriee nr itimpcjusliozi of :ill ziftraary 
cinpEoviw; the pEkTvliiLM .1 of upqL-ssary books and peririlcuk, the priii ihijf mid pidn 
ludilng of operations, not exceeding one t hokimiid five hundrvd copuajp and general 
i tictr li'iifrtl expoum-H not otherwise provided for. i-i^ij ty thousand dolliir?u oiicdudf of 
which .mm ehall be paid from the revenues of the District nf Columbia and the other 
half from the Treasury. if ihe United SIhih; and of the gum hereby appropriatei l 
five thmi-and dollars p\mU be used for ewitlmibig the entrance into the «3 * 

Park from t'atliislruL avenue ami owning driveway into Kooli^gicol Park, including 
n wwnaj y ^nuling mid removal i«f earth. (Sundry civil ael March S p 1901.) 

Jtve'idw |he regular o[ i i]uinteLliUjee r the following tilletli!ioliB and luldilmci- tu 
the ImiMinj^ anil gruumlN have lteon defrayed from thin appropriation during Ihc 
year: 

Thr flying cttfff. —TUn krjfe cage, licgtm during the bud year,, ban now been turn- 
pkfled and fitted w Uti nwfcworh, jjknkd with jujuntie and other plants, and ^u|>- 
plied with running water and pook, Aboat 50 I link are nr present m the cage uni! 
it Ik hoped to increase Hu- minitar ocuudderahly next Benson, The cage fnmia ll very 
attractive feature of tlie park. Th*- expenditure from thi> year* appropriation in 
connection with it b akuu 

in trmftfmtrti trird ZiyWf.— Tiiflffi U-ns-: no >uiLihle plat e for jnrrutt, of 
which the O 'Jh'H’lioij iiiclmlt-d u eonuddcrablc number* a room for them wos tuldcd 
to the temp miry bird hotirH- and divided into ll vq large (Vimji&Ttm elite. Several hlirk 
were put in each • aw and they have much impmved in health amt skitractiveiu^ 
Mltitv thin dk|HiKit]oii - ■ I 11H ■] I. «Eb rnude. Th i.- itddhioik eoet £7UQ. 

Mepairitt# dephmti *hr*i r —Attention luw before Iwon called to the dik painted ron- 
ditlou of the structure. li had. Iwnme hp oja-n about the eMus thus it could nor lx? 

mode warm enou^ii fnr tin- aniuud ..Id Wcntiier. Ell Ike aiiLliiuii nf p*i'U ■* hiyer 

nf heavy bulliUn^ f»dr was pul usj tin- ddn-r. and lhl> euvertnl with elding, at a ep^L 
of *250.’ 

An oppmpriiuirm ntf *20,4100 wji- a^keil for a new house for i-Cephmitfl arid other 
pachyderms, anrl al like chMO of tite year $T0 p n(Mk whs Mppropnated far that pur|iue. 
This will jimviih 1 furnudy aamall kum, the eoiistmeLmn of wiiuds w\U k> «t nutsz 

f j|' p *fnr nmd A^n-filrii kvir.—Twii largo yurdn fur these- bea« wm k Uviin aknut 

the eli**e of the yi-skt. fjn-lk w ill U 1 about40 ftiX sipkare P tvitli tarun 1 nod * .. 

li0tiM j and alarp* lathing jhxpI altiu ln^h The i'ajji'H will0px*t r ronkph tc, nkiut H.sjhl 

Oftf*'fin SlhiiHly kdoh' the rloea' of Ihe yenr ii oiyr f«ir *«iighw was k ^mi, 

50 feel by 2^7 feet and :t5 uvi liigh, It will cnntitiiia pool, amnsHof nn-k, and u kige 
tPW“ on which the hini^ nmy pereh. The cf^t will *1,001^ 

CtmiVrrra Ao«^ + —Tike large iliior tank for (dligahim having hcripmfr dd-ay^l and 
leaky, a new tank \ul- huitt. of ctancn^CL A krgi- nwe was al»< ^mstrud^l in thk 
building f.«r boos ami pjtiioow. This ingtallntimi k not euitnhle for either tin- allL^ 
tnf* nr Lhe maifSp and thn? spsoewlikfa they occrapy Eh iLtan led for other purttcust^. 

Fmmlrtin ^ — AI llu- SeiTfetBr/a HUg^Htkon a founfuin won const nieliNl in front of the 
Rttttivoni house, at a eo*t ppf #3Sfh 

Dnratwy fntm Calktdml nmuw. — A portion of the [ill of earth required wm tnaile 
from tin- appropriatLiXL for the pn^viiHiH yt»ar: fill wa* auuplcted ami rtHulway in 
wide built, w itli tel ford Ui*e and Lup dresBing of crashed stone. A aniedl amount of 
work wuj? oko lone at die foul an ihk nwL Total *5 P 000 + rhe mmmi of tiic 
spedtd *pt ira I™^Fk 

Adams Mdi nwfi —Uy rtft^-u nt itn very vtocp grade, thk read in difficult tn main- 
lain. ti becamenec*tt*ry m rewUpnthe rirnp portion^ ihe maradiod wu thnraughlr 
l^^util, tlw crown of the rand n iusmEi- f adding cuvuddemhle new material, and the 
totd finkluHl with am bvi attttftoo droning of eru^hed lEmestone. 

artwt f-iJrann-,—The miulwny » a Jolfet between Connectirm 

»vtnu*.> aitd th? part entranw was ewnpletol hy tl. u DutHvt on p«rmanem iin*, nctl 





Smiihuivui ?i(K>ri. 1&02-. 


PiATE V, 



FLYING Cage m N ATitW*!- ZOOLOGICAL pAflK. 
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making it itcceswiry to chm^ 1 llm lino of the rmulwrty in tine i^rk for a (ii^tjuire of 
about 300 feet, 

A walk nf rnubii] sturiF wim I mi the A<ku^ >1 i 11 n md vntrankr to wu- 

m*:L wicli the new cuiuwU- wsdk laid by Uau HHatriul in April of thtn year. Gun- 
ridcmhle work wits clone oil other wulku and u foot bridge wjl- erected to affrifti 
convenient cu’c 1 ^ frqtn thr cusl Uink of Use creak* tmt Ibe tipper foot h- th* west 
hunk and this paddrxdia near by. 

Pluming un* farried oti 1 brougham the year. \ ^r»n «if ahmfr* :m.l wrudl tnc* 
wuh theshophitildingaud many shrubsurn l rin^wens phuiiwl around the 

oiBre building *h h screen ami fur ornament, 

on jfyin£ fhfnh.—The jutrk* tlumgh ftiL] of intern* fnir the public, in not 
a place of wreath jh only, for ihnogh i.mu of its primary object* in the in^iwlion 
and rernuthtfi of the people* another^-inds’ed, the very llrat of all prescribed by 
Ccmgrew—i« the advancement of science, find loi* thl* latter we iuu*t look to expert’ 
meiH^ in the future ft <r which we liuve nut iu&UiS to-4ajr* In purBiunre of a purely 
Hi’sentlljr problem, lire purk hi* recently procured opihaJ apparatus for determining 
the interesting problem of the flight of the soaring bird by photographing the great 
bujEumi [Cathnrtf* Eirmr i ^ImnltAOC'OTwIy from tvoadfim-nt temporary wmil^n tower* 
which have been iwlwl 

The fnltwwiinr an 1 Uw more important ucrcstiafiH to the collectlnn during Hie years 
GtflMr—Tto* F. W_ ftodiog, United Stales nuwtil nt NeweBtrth*. New South Wukw, 
shipped N-veml lota of anintolH by calling vessels to San I’mncw-■; tbns warning fn-e 
tmn^iortariuki i. Most of theanimals dM during the long voyage, A fine Specimen 
of dingo, however, arrival in good mudition, and a line gray kangaroo end brush- 
usU-hI opoi^iiEu wiTi" received shortly slier the el-Me of ibe year Hr. Coding is 
exceptLuJmlly w*A\ plmvd fur getting unUunl#, lakes active internet and expeda to 
get valuable spodmetuc He Im* IreH-ii ittkiwl in ft-rwairi future rnusigiimenls by 
sti-uriicr to nbiirteii ibu time of voyage, 

Bv IL. th riiiiuurher + Fcut^l SUite» in MsLnmi-ilii■, aeun^iiterahk" i i on*lgn- 

nu'iit iif sjjiirnnl* uuw fenvanlwl, but •n-vcml dk<! en mule. A monkey nnd a rtuc 
tperiumii of two-tnieiE were in g*HHj onii r lithpr nninmbi »re to W 

ffilltHOQlL 

l‘mm Perry A] Do U*otj p lTmleil State* eoiwuliH'iHMiil at Ctuyaqnil, Ecmulor, a fine 
lot oftuiWl* w iv rvNL-uivwdf Itmluding |Xirn>tH B a t-.n^ui thnv rui-ukcy^ md ec veciwl 
^ wuuilb'r miiiual*. lleaho fonrarrietl two ndrengmuimbs by rauting vi^-1, Iml thm- 
diixi on route, 

Fropn Solomon [k-rliik-r, UnikM Suites eoiwuJ jit iVn^riuV, two lamarotto pigemi^ 
mnl two I'hough*. 

From J. II. Staiin, New York, *i xl barber h-wU. 

From ,h <'rui}| h prewkl^ut t.'iiivemly uf Montima, el very line lleaver. 

From SlepbriL iihi^m TtIWtr, Minn., w ]fllrof I VilLUila lynx. 

From August ftwk, iridtud BtaUw IVjwrtiuent of AgrimHurv, iive( % ulw 

In comut(t!on withonimulH [presented by rmuiul Tlnmachtr, S wish to orknon b 
nfge the remrtHy uf Mn-^r-. hnultoi] r HIUh A iMIet, of New York, iai furnishing 
fn^’ tntn^purtaticrti fi>r anLnmb ikei their lied I> IJne of i+EOiimdiii» from Mameoibo to 
New York. 

From Uapt. John L Young, pmprietor i-f Y..inigV pier. AtlHntie riiy r N. J„ a 
x iai-Lih'rubli rmiikler of Ash wen- obtained fur the uquarium- Captain Yonng ala> 
kindly assisted theapuit «flnt hy the fwirk lo precun 1 .^itsdaivmi. 

.VoJiippiirf y p ori. Fltnu thln.-oUfee there wen nH'eiv^l during the vi-ur 
four loilelcjfii-, live umle dour, live elk P two dmuuuon mi« grixxly l*.^r> 

TEui iieting wi^K J rinteilderit. Of the Yolluwstone National FhrL want wend that then' 
w lls iipihinitjiity to i^piure a grimly, A *te*I c*ge-tra|t wlw Hi . ^rdmgly i ou*tnu C^l 
mthc shop^ ut the National Zoological Park ami shipped to the Ytdbwvtone, A 
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fine specimen was captured in this \m\* and forwarded to Washington* reaching its 
ihstination in j^nmI order. 

Mtchfitttff&n —^vora] e\i L hnuge- wl'Hp effects I during the year. Ann mg the aui- 
MmU obtained were the following; From tin* New York Kr* Ai^icul lYirk, n very tine 
mule loih deer: fmm the Zoological Society *4 Lcmfiluii, a young fuuuile yak; mini 
Thotmw W. iTthfcH.Jn ><i the department of crown latifbs Ontario, f'anada, eight black 
squirrels; from William Bartels, New York, ft female Uarbary sheep and a female 
jMilar hear 

/bVifov—The numlwt of births during the year Iicls fufcn quffo satisfactory, El i* 
gratifying to note that two beaver* wuh! bom during the present miwu. 

/VMhocj. -l^llfT yonr iimtni^n]iH very have Iuh'jl made hi the 

lost three or four yearn in procure a Km link Iwiir The animal Is by lio mcnm* 
OKiororinafed, lml has fled in hei Inhabited, ilifHeull region^ where it can nut lie 
obtained except by the expenditure uf an inordinate mm of money, whurvii* it was 
formerly procurable In native abundance, A yoirn^ mate wiiff however proeurtd 
iluring the jpn-^-riL ytur through she coo }rt*ni lion tif l he Alaska iVitnineTeuil Coin- 
I Any. Ii wiis mptured on tht mainland directly op]**4b i Kinilak Inland,, and is 
buttered to bo the Erne middgwlnrtfii, Efforts are being made to get mom 
through the hujic agency, * 'unsidendile rewards- for additional specimen# have Uon 
offered tlironght'Ul that n^m mid UK- Still advertised, though sofor without nm.tl.ta. 

After ytairs uf n5tirt Iwi* bighum or Ibn-hy Mountain sheep I Lave lweu pn^m^l 
from western t!oluitido T one within the present year. It is ili^nblo to ^plniii that 
the I nst It ill in aia 1 h oxlrttne iliElh’nlty in procuring this animal. ia»E at ll! I an im familiar 
one to hunter*, arisen from the fuel that the Instituting irntm^b* scropvitmisly within 
the law, which to|uEtv--> a iwroiit From the authorities of the ^nne in each ease. 
Tills is ebflrity jfiven, in smno ease* apparently through ihe npjKwitinii of game war- 
dens, who wem hi have iiopyniiaUhy with the Int-titutiuiBs iiiim The*** i-i-nutta, 
while only nbtnint‘4 with great difficulty, are given ior n brief lime and to a 
indiviihiaL Tiiw whole syi-hMii 2 ip^»n L ntly iMguprf with n jimjier |mr|avh' to thoiw 
olhHtaeh^ in i hi- way uf firm'll ring game hy unlit it instually of^^rutes to 

ahiLM^t siliekkhilely finn elit Ita firocaiRfliQIll hy (lie General Guvuminent ihrough jlisla- 
tntiiuis nr |n 1 rs* oh;* who arc rlu- tit rei^picntH i-s the gnam L r and lu* H-nipiihmg hi their 
drain; In ohee thfi ^tati- Ibw^ the Stnith^ 'Oian Institution i>in its rafafltnii giuir- 
dlun F.r rhe trart^Timirnt illtcri'HlH in ihe NaLtumtl Sfliadiijffieal I'urk. Further tllUli 
ihe n nr imh^-il u k a i-oriHojuence nF ihe jhneiicwl |HTinE^iun luidur tiic taw^ 

the tinal adfi-4 r that nearly Lhc nmly anlinalH which Jin- nlaiainable sin- tinm- for 
nalby persons win* have taken them in di-Hanm- of tin- Saw . 

Other pnn’lia^- Were it lnnlc uum^- ami jl friiir of Coin nil iiao bhu^k-lJls] iv! i!ef-r 
from the IntermitLoiniI Kirtial, hir-h, and 1 iaim- Ajt- >■ miiori. two h-mah pnnnib bum 

Etc 11 .thwoslcni Wyoming, t ( ynmn^ r-ilifoniiti r-.i. 4 - -rr, a female Sontii AmeHeun 

tapir Eiiale h<r the nvule iklnudy in tho collection j, tlinvi rwl kjiJfcgiirHM,»^, nrnl a 

lU-nd< l>>„ ikf ItwLUm hufifalu, frcin the I'hiLippinc [-4mu Ic f m l tier retunt iv^ulatmiw -4 
the I k-pa Ft men! of Agriru3tun.\ hJ prevcuE th> a ilitO«turtl^n nif "rnrra, 1 ’ such animal* 
rail uol nivw In- iuj|uuinl). A riM.^k -ie" birds wtut obluivu^l for Hie flyingimhid- 
mg ii j^tir of iiiijfcitanta* ri\ IvLimpron stiirks f llii Ibis, and otlit^r bi rds. 

* hie of tin I-curs ims/tired in Alaska f^r tlo-purk in I fie summer Hkf I ism, l^mg rum 
old enough for Ur Idenlily to In 1 dolenililliyI r Is found to Is- the Yilkulat Ih-ar, fV#r» 
dulli 

Low* afmuimU.—' Two old hail bi^ms death probably \m- to old ngc; dbignodp 

g^tna-iit« ril^ Gnu tbllfoniia etu-Linu r from pm-um--uiu, \ .. itnd fcnmlt- 

moose, Ir- SIL gtisto« fc citerilIHreceived November, \fm t died 1 itivnilavr 4 pM>i k atul 
Msi-rch, UlflS; in giKsl health until snmiiicr oF \m\. limit dbln-idiv in hUII i 
cm-L-f m lhc raui- of then- great f-^t animals TtiOH 1 p^nghom Linlelu^ in.-]il-l- 
m a lfcL ^ :k had been Id the H irk live ami n half years. One young elk, klllerj by 
an old bull ’ J 
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From theeffort* of intestinal ptnnriten: ThreeNewtoondlnml reriWi,a mtorofarctki 
(ox**, «*ii- adult fox, and om> mule deer- A httndwr of other mule tun I other deer 
H ere affocted, These parasite* were probably Mtodtasd and distributed fey proul* 
in,# In order to extirpate them, the mule deer weri* treated mid lunuifed fo 

another paddock; their former pnddoek wa« Hum dfeinfocted by hunting over the 
surface of the ground with a surface heater stjch a* it n*d in re] mi mu* asp ball 

Boaudary ft jov.— I n making up the estimate for the approprtatWHH for Hit* hex! 
vtsir, as for the pnatrevend year* the imperative m*, I nf» feins* was again wired "t H ‘ii 
Congress. S'* special fl|sjiropKailun was made, however, but it wan imdtuatotel dial 
tho inovane in Ihe regular appropriation might k< devoted to tliis pun 10 *** 3 Hie 
Secretary saw tU. 

Attention htwiieon railed in pierkna reports to tin* frnit i htu no adequate provision 
for bouring aiudl ttopfcwl nunnmalaexists in the ]«irt. At prtwtti thwanimahi an- 
eon fired in small nige*. which an* some ti tins placed '<n Ihe tup of others, i hti* injur¬ 
ing tho apjwanrtu* „f the collection. Tin* unbinds ah* also deprived of adequate 
cxertra- Their mortalitv htherefore luiweasarily great. Tin* park receive* every 
nwraiwnridumhle tmuiher of such animal*, pnrfh-niitrty from the new of 

tin* United 6Lutes, and Is very much embarrassed to find morn for them. For this* 
nt present at hand, not ouiusiderirtg any future addition#, there is required a spit, v of 
I 4 d | invar feet of vagi*-. ft is recommended that I '-angres* k* asked e* appropriate a 
sufficient earn t<* build a suitable botw? for tropical main nulls where they enu 'a- kept 
iu Iwtter health and comfort than they are now wide to enjoy. 

5 f 0 iiepirlnirnt **f the jurk attracts pits iripular interest then the aquarium, and 
itsedncattoual valtre k certainly very great. The present installation of this rtdltt- 
tii.mof suit-water ami fresh-water #|iecM» in a mere tanporuy shed is, however, m 
entirely inadequate to Us needs tiiat I would t»rp*tht* ronstrttetfon of a suitaHs build¬ 
ing fitted with jwnnujusnt tanks, heating andreWgeniriiigappamtrts, and o|*n |ss.k 

(„ areunbnre with the ftanutaiy'e wish ..A larger development given to the 

mlt-wAier fauna, a mneretu lank, covered with a sWs r.-of, wio* lsidt for the i-forage 
,-,f rt-n water, and the north shin of the building will k-devoted to litis ]«trt of ihe 
exhibition. A new tiller has I welt provided, nud other minor improvements have 

tfiacU'n U1 

Aiicrtlsi-r iiiL|wjrtimt mv*i is a reptile liniiw* where thejmjrt ™ ,Nlllrt i 

tillUrtUore, boftM, pythmn*, aiuiivinilcw mid irtlu'r tatbu ^jllivti-n mil 

ho exhibited, uni wlwfo ntht-r Piemen* obteimHl from litmi lu Unw rws **• 

Tliv^- TvutUi*ftn now placed in ilwwmhm** with IhoHreis, tigers, m»t -Du r 
TiiH.> iitn-k very umvh needs in aviai y for small ti-rn.>tbl IdtAi. 'Uw im-wiiI Mrd 
hnn^ ii Aimet tmtimly oceupied bf ^trathituifl atA Jbiiwtti- bin!*, lit? wii* 
hilm wholly uurepmteiile*! In eniuwtioo with Mu h tm aviary there vhntM I- 
boilt n. ilyinw-*^ i.f linxlertto sine, wl|h a tunnel irttx^y wi.rk wlneh the 

pqblk am flimoifflifcd by ringing nl-tit in ewr> dins-tirm- 

Th^ A waive* iujhI tnxm h^ hith^rhi been kepi Ifi a -w* A teiu^«mry 

tPflflfi jn-ar the nriiioi|«d ftfiinnil b ouw- Thi-e inekwim* ure fur from ^tlnhudory, ^ 
tlicv nmici Woinedili|iU«UNl «wl I**™** Ow oninmlH to dig »ut or hn.uk tUr* ngh# 
New Lind pennaneot qwteiB for these be cn^l m nmu- nullable 

™rt uf the jwirk. 

The HrODM and seals now in the }s irk are not provided with projs.r qunrtem. 
4s ^ mrhiditv of the water in the large p.*>1 «-riuiidy iujuwl them they have 

_rty |pL*cn itHifineti in «b*h l«ll for the bears near tho «l.uu-ry Mosul m.inm. e. 

Thev have here only very Hindi Iimm of water will an .. id le to swim about at 

all ' lloiiHSi nml a | m riel of tl Herts 1 water should kj |lft-vld.sL fur 1 1 Will, 

TJie lit.lame of visitors at thu park has I sen rtaulily imnauriw. At preneut die 

average dailv number of visiters is huger diau over k*i..rv, ami o« emend caairion-. 
30 000 jKowns linvi) been fo the |*irk in ariui.de day. Tills incnstiie in attendance 
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JurtbiT rmplllHzi^ |hi' ilitii fur mun'i'tlirirm resUmmill filial Al j "i i - ! | 1 !I ■ . ■ - 
is no mailable n^tiiisnuit, mil yon often pavilion when- thinly, itiki^, ami light lu’t'ur- 
are sold. As the i»ark in al a nirisidurahh- dis-timra from the city, sit-- uteemv of 
a property equipped rvstnumnt i* ngn-ai Iiicnm'Knbut? to tliow vkbuf to upend [lie 
itay ]n k, juirtiinilarly li they are BummiwiH^l by children. The l- recti on of a 
ixrtiilort buHdkg capudally ^mpjied for ladies and L h liQ 4 ^n» and with a n^saiirsuit 
lUfarhcd. ia therefore very dodrahls. 

It won 14 li# much more aathdajHury jis welt kh lc*s expensive If anflkient apjra- 
j.ritttiniU! could l*e madu to pmvjitn jicmyUiHit buildings us rapidly as they uni 

roquiwd by the pnUk tiei*ls acid the growth of fhn collection, At pm-ciH a cuti- 
sificrable part of tin- upprepriutkiiU Inis to In- -|■« ut each vuur in rv-fuiritl^ Ii ii a [«. -nfcry 
Kinictiin^ Thu imrk hflU now been in operation long oncingli to safely determine 
wlit rp pmnuient improvements jdmuld ln j placed. 

The priftdpiti "hjeet for wliidi the juirk was originally institute■■ I was the ju-m-rva- 
tion of oor national game, especially that which is htcoiuhg extinct. This hn,, 
!*cn represented to Congrats, but as yt-r im pruivtw-nu bus !^-n mado fork. 

According to your m-Ommrin!:tti"H m BpI'Ti if iriatlim will upilin Ini aski-d for colk*A- 
In^ Riid preserving hum of tbs grvat loud mnl marine Hpeuinmiw. nf our wtvtem 
territory now rapidly diinqppmfn^. Kxparitmcc has abundantly proved that such 
wiki entUffii, (zdtfrRftrtpmeU a* fhAyim to the >ight of umi\ T <im iu*i properfy It 
transported immediately after captun*, ll^ they an likely to furiously Injure them- 
selves or even to die nf fright tf sotiw mefum art- not taken to genik* ihem nr .:«.-ns- 
lom thorn In Inning handled L J ino tbeTvfore entirely K|jn!t? -ta the value of the 
method you have proposed of i*l*blMilng HotimsmidJ Btflliun ur stations in Alaska 
wbm them an- yet found specimens of the Rod ink \teot, the great mocsiv the svwl- 
™, the for rt^l, and poshly other Inigw rrvMnres. Tlmy could then- cotrfinnl 
•nd kepi amulet fkn^lkr scenea and Ite fiNl upon tbdr tuttuTrU (***[ wbHe hvfi % 
more atvuelounNj to the siHht of imm mid mons tnotabk^ Tin- ex|jvnd||m? for such 
^tatii ins would l^iiUgbL 

I have :riready jill'dil'iiuh:! that after jooRf iif effort the |«»trk 1 L;-i - at Iivd prTN“iirvti 
. mo Kodiak l^ar mh, Iksir^ am a mk- do not taw I fnsdy fa ™pl vvity, Intt ir i* nn^l 
Jrtirtbk? ±«i try the erpedmen^ under yuvh Javoruhlo i^mdStioikM as the park may 
aflonh and 1 Iuijm.- UllU more uoliuhLh of thia^peoes eiuiy lw idptaifkisl. 

I ciuisa with si Ibt m3 lSio LinimiiU of tlie |tark on Jimu 7,\\ 11»j-j, ath \ ^ n .-i1om- 
bun of th« olAtetncnt that the park is npratlwk-?* not filling in# prindpal binrtion 
unlil ii mn n ndn ta in and prewre for |«^torily iho niwt importom R^>eitneiUF of the 
irrti&t uuikhkf bfimol t3his euimtry f and f particularly .■! Aloaka. 
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REPORT OF THE WORK OF TUB ACTROPHY^TCAL OBSERVATORY FOR 
THE YEA It ENDI NG JUNE :sn L IttE. 


Siiji The fcimbi wiiii amounts nf the Observatory property 

Mflfap : : _ __ _____ 

Apimta* ______ 

I _i 1 «ra ry m 11 3 |h . .,, ... . . n 


an- ipprr^ximit^h 
..... $t\:n m 

—__ tt p iKHi 


ihiniiLf the |xirHi yI' ll r ihi- ^■■jii'Mih-u - *d pm|H»rty *4 till* kind jiiFt ■ nimirmi^t have 
been a# follow*: 

( a J -t/^pOmfuff,—Astn-JiONiind ilnd plivyinrf apparatus hm been pinvh&Kvl at dp 
expend it tin 1 of F>,OQO. 

\ b) Ulnrary nnd Th e li braiy I ms been enfvir^f by the addition rd period i- 

nil* mill hooka of mh mm* at no e.vpemlLnint nf ^20<h Book* and puritHlhab have 
t*«i> Iwund sLl an expenditure ■ «f Total tor library, |+n0. 

^ The oWirvatnry imdoetirt!, shown in Han* VI, Ml, hmt be<ni enlarged by themMl- 
twn of 111 feet bIhhi^ [m northern end ah In bn now 155 by 77 and to iiu hide nearly 
I -dKX) gqilan* fwt* as mclllLst 1 1,1)1 N i .41 luuit fetit formerly. The pholi i^rruplm kil Elding 
hn f N*li ivilicived from a WVM b- ;l |iosLiin]i mirth of the HEden^tnl, Jm d i hi- 

bfilhlibp and fence have been repainted, Thwte idlpnifioii* and r t -|iuim have W-i-p 
muleal an expenditure id £-HH) r 
Nu Iok*^ iif pna^rty have i^umsh 


Tfik Wurk rirt: (IJ^KliVATuhV. 

hir y»«vt! n i >mn r . tl»- wort -f rlL^ i llwviitonr will !*■ <t.^ril«,l uml.-r the billow, 
hilt heading*.: 

1. I hi hi inn ions ton I m isLellamv inn w i irk. 

Sh Pft*r 7 ves nf inve^li^alierL*. 


• 1 I J ■ rii - i rr 11 f >n tifftfotnfttvp 


In Ui^ordmirt* w ith a rt^dtttioil -f Lhi! SemiN-of the noted Statist^* rejMPrt was 
MUbiiiilhMl hy yaimt the mcethm idroii^n** in lH^ii k Wr F Hlmwinf the nppMfiria- 
iii-ns rx|Mrmksl, result* mudn-ilp umI [fre-i-uE condition of the Work of the Ah(*h 
I kliysiial OlwmilaTy. ThU re|wni muristwl of u 1>H*f ^tuteiuk tkt of the foundation. 
aiut.H r results and |>n*mi cmuilUoTi nf the ul^-rvnbiryt « ewpy cd Voluiiio I of itn 
A rk 1 1 ll1.-< p t \ preliminary n«(«»rE of ib* eelij.K 1 ejcpedRhm fpf 11400; 4inl ^veml Htatt- 
osentH^ by eminent foreign nod donii^ur men of ^demt-, ^vieg their vkirniif the 

nJSeoam nmlntlon of Fehnmrj' 25 , IDOL 

& AkHlmhi-iHiikif the nature id the^ata^nieolF, I lurngireextiactslrotu twuof them: 

14 J gsu not deny myMilf the |dnisiii? of con^ratiikting you oh the oeeumplLsHnient 
uf thEN vait and important laiior. When I thiikkuf what it tikust ali have been, I am 
in admiration at the work.”— Stir t*. U. Stokes, 

M To anyone who Eh conversant widi the asEroEn>Enii-a] work done In r&^nt years it 
h*i»* wholty nnneri'rtmry to testify u> rhe iminnuw value of the wi.rk deme nt i\w 
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media of the Observatory and it^ wurka This report was referred In the £wust* to 
th« OoomutiMi ijli the? Library and no I-.-nil to la* printed with nil its invl'^iivsL It 
therefore became necessary to supply *>me new copies .if itlustniiionH for the 
engraver*, Hikil up port unity was offered to cornet a muuW of erreF* dwonvered in 
Volume 3 of the Amud?, mi EIluE tbit new edition,. fom deg a part of Senate Ouettimmt 
No. Ll>, U ivmsiik'iuljly iiujimvwt. The preparation of the fin* draft* for She report, 
the preparation ul new illustration*, smil the- rending «f proof* naturally occupied cqn- 
jsitime of thi- Observatory staff, Eevcrii) hundred cuplre of thin edition of 
the AniiiiLi were eectmd for the Observatory, and thus it wEll In? pcn^Ibl* to mipply 
a liroitHi! number to those who may fretu time in time Muike request for therm 

i af the numerous inquiries addressed in like Institution by correspondents nil over 
thin enunlry end tin- world, many relating to astronomy, pbyuiia* and chemistry are 
referred to thi* Observatory fur answer* and thn* on amount of liiut* by no moans 
hri niii^r ia MjH'ni on work of no Immediate concern to the 01«tvatury nasan!li(£ 
However, sh^ march fur iho in formation ^kid for w frequently li^ls to obiiiiiiii^ 
knowledge id value in dor own wort, lliut It L* *»n the whole* jicrltwp'H, time wvll 
spent> independent of wiudderatterk*: of the etmvtnienre of the Jairtitniinir^ 
camwpoudeut*. 

(E) fViiH/Yjw qf mrtsiiyaiwiw* 

Tiif *}for rodiilikm; ifa Mat tmuutri aurl ih ab*t*rjithn r -— Y©U showed JijugHEniv tliftt 
OTriiiiury aclLnomelrv* or measures L-nhlltkCd to the inv«^alioii of white lights ean 
never fomlih trustworthy daia in relation to the output d the sun, ranee the 
aljeorption of our air Ja m different For diftertint ware lengths ikiil it w only by going 
further and examining the jqivctram in dutail. tlnU ■atHdaetory rerfulti* sire obl&Itt* 
abk Thin kind of energy pjpoetnun. work has i^.*n taken up very extern]velv hare 
in the giant year. 

Thi mhir mcry# */* drum .—The early work h .j thi*d HwervAlarj drecrihed in Volume 
I of it*- Annals wm chiefly tirnwrimd with she minute aWrpLioii iwidg in the infra¬ 
red *n i]ar sjMx-tnmo Ah ni l reader* of iho innate are aware, automatic pm untie 
energy fimce wore made by tbo aid of the teitographic process, and inch inheiltenn 
of tli-ww curvn? os wei fc found not sutdilent^l In their uri^in corresponded Tn the 
eo-^llerl Fnitinlinfer lini^ of the viHihle.H^Hirum. Iattention w.u- imid in the 
whole height «.f them* i"ikn-^ at their various tlian to th^'H^ atttnereua s-imili 

vaiiatiYULHi in height, Still, a eliu|*ei >f the Aunnb w:l- ih-vnS^J in the Lnferam^s 
relating te* the absorpfhm of our Htn.^phere which ntrtald tndmwn fmui llik' ilata 
relnting So wimbir reiAtbn» in th - ^naml form of |]e j eiirwn then avnihihk^. Hut 
autev IIjk cqrviw were taken ait ri hIiov njiceii in allow fnll time for iw^rdinj I he 
ffioall inlliwlIons, the total heights Wen* U’vH 00mp*trahlp + H.wcikg In p>i^ihle rikm^ui 
ill thutrail*jHireney *«f the air, iha* ultitiale of the siui + mid ihe belwvior of ihu appa- 
ratu* whirli niighl inteiTttllP hetwwu nlart and rbw of a nirve. 

S KkV WOltli. 

Thr eWr-/rfw*n vf Iht tdm vphtre und -/ tfu *hir *ti rrjhjjt —This pre^-Jil year care hap 
bwm taken to oiitain energy curve* w h\w heights shall be tompamhle. i t whs the 
purpose of thi* work to study ttie general absorption ol the sun's envelop 1 ho geo- 
end nlkrHirption of ihe sanhhi htnunplu-re, ami the ehouigi^ in the HeliN-tivoalisorp* 
tiriii of water vaj*or ht the ktEer. h Ih the further objeel biward w hich the»? sludiea 

Astrophynii-al Obrervatory umlor yottr Huperintciidence. The bolometer, which 
aitniie owe* U> your tmeodve tm* lret% U one of ihe boldest tm.I most original 
inMrtnDfcnli ever dovbcai for sdetilifie raseare-ln It jHPmiite the cxploredon of h ihdd 
which is entirely vhmd in uuy other nreaiiH of in^tigatlafi, Thu mam- n-snlta 
which you tiaveobkdfu'cL with ihis Uuftrmnent are det-in^l by alt nstrenomora uf rhe 
very highm iaiportotu^ in the atady of th*e of the spei Fiuid txmmmig 

which we should otbenrise have remain^ in ignonmcfc lf —Sir BobeiitS. Ball 
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fend to hh* if thn mm is conttlmt or variable In it* culprit uf radial tom While the 
re^cittii Eif the part year indinde pof&fbility -4 rouiade ml de uWhimfa ioceee# io lhi* 
linn 1 object* it may probably prove that the situation of tins < Hrarvatory w iinsuiia' 
hie to the inurt ex art ^Indies uf thin kind* uuiEigm the great in i d variable dhtrarp- 
tion of the iiir efjluiuii above it, us wel^ of rtHiTBO, a* to the ground trcmum inherent 
hi iis jinwent site, Hemminknil by the train r ol eity street*, It seem* eertnin, how- 
ovflJr* tiuit valuable contributions to the uifeihoda of rtudy to l>e adopted in work at 
tHOTv favorably situated rtalious* and hi tho knowledge uf terrestrial atairptioiii ■'an 
be marie her*, 

Alteeftitwatw <ij the appurotw. —Fur the rake of accuracy in the height of the ewves* 
th^iped of Inking energy euwves ha* Ishiu turn’ll Umivused. TLm# we i low cortom- 
nrily udnpt the H])t*ed ratios 2 centimeters of plat# and iftl mmau» "f are of spectrum 
iti 1 mini Lie uf time, white the ratio 1 mn.= l' = Lrm was the standard o tm adopted 
for th^dutaJkd study wt the infra-red spectrum. At the jjfiwM ibe spectrum 
kmwiL wave h■ i ll£[ 1LH 13.45 /( ilk the h\m and t* hi the infra-rad Lh jul-wI over LEl 
fifteen minnO'S- Sutli a Hpcclrani energy curve nhriwo in Fla to VIIL Ai thin 
fart speed much h-n opportunity offers far lf drifV f alteration uf nat$aidV«qe^ of the 
galvanometer, and, what k> far more common, in r cloud* or hn7v to diminish tho 
accuracy of the work. lt% anltr to keep the behavior of the appanrtue oh constant 
a- |KwribIeajid luget the Wi pmsathta detail at this rapid gpeed, the great glu_ss prism 
Jlh_h Iwfeti employed instead of nHik salt, thus limiting the resewttb to wayo Mgtlis 
le>y iliaki 3 ft. feat this includes nearly all the whir nwtiation which reaches the sew 
level. To avohl extra reflecting and absorbing surfaces as far a* practicable, u single 
mirmr is lined fur eollLmatlon of the in place of Hie two employed for 

tiiurly when ^ruui detail was sought, ami the Ittloaicfar cnee is rm* 3 Open at the end, 
although a flight amount of accidental dlrtiwhuMta of the record le involved on 
windy daysu Iti th* intent of the grtan^t detnil pmctimbte nr the fast speedy it 
w&s nrtwt desSwiblc to shorten the time of swing id the ^ilvjixnuneter. A new *,**3* 
vnaonicterof mwt approved diwign hoc l«en ocmtrnctad and has bean in tutertne* 
Deccnib«'T s at att average time of ^ingte (swing uf t.S seconds. Ttiia type of nalva- 
noinoter lh in ami# mpocta, I think, new nnd worth a hrit f dwripthuip which will be 
futmd un s hiler jiugfe. To avoid srmrs di^ereni^ of diffraction from the n 3ge* 
of the 5 -Iit,. the slat wiilLli has kiniinlalnefl urmUeH"d ai 0,^5 » ( nubUmding 
10.5 ^onds *d are in the Hjiectmtiu Its Lveight, A centimfelers, has bean virtually 
roiim-tsl lu 2 etoitinn-Eeiw Ln the infm-r^J portion of the EjKftrtlni by thi^ e^H^hent 
uf IiiEeqpnrtntf acriit or the pn^wr lime ll hraw- diaphtngtn, whif-h, 

Swing fised pivot bearing on the slit i main ting* alwnyti is?eiipi^ the *ime 
plaru when itttirpiw^d lieforu the slit, The factor of ihhs dk(ihmgui ciyi tie metts- 
, in . ( | |j.y the aid uf data foand ihl each curve, hid the n-suits nns eoEisiant w ithin the 
Liunfa ipf .OKABciiBm-nb Bolometer N"u. 5l» h of o.as mihimeter wldtli and eabtend- 
ing 10 H&ftndfaf w has Iwcii %mx\ for thoentire year* Thto bolometer huslwtn hi nas 
ni'iLrly alt [lie dine aim! h was made in lHJhi, and always with great freedom from 
drift and other dlsturlianftN Soon afh r my return from Sumatra I nipoiEw^lt md 

yoo loused to lie ratintmeE^l at the i ibeervafary shop, a .re improved type of 

inrchimiral rfaeisetat for iho Mometei% w hich ban been uaed daw with greitl ratb- 
fti.'thm. Iiriftof the gnlnmwneUT dpnt now rarely readier 4 vKatimetaim in n day, 
ami it Is rarely in oxce*f of S millimeter* upon an energy Lme taken in fifteen 
niinut^. S;< firm coofldenvsj iti the behavior id the Ijolomeierthflt the unshunted 
galvtiiiuiueter is left in counectioii wHb llie circuit weeks at a time, >io refattaadtig 
of the circuit la required for a month at a time. < kne nan now pres^rv fur 
gmphic work unc day and the next merely start the 4derortiit and the driving clock 
wiili practical certainty «f kv- uriug a goal holograph. 

77?h afwMyjfli/n of ttc ujr;sirahMP,—In outer t« know the true dlfitribtttkm of the 
radiation* tliroughutU liieipet tnim, it lifts been net .^iry in detenidne theabnotp- 
iioEi of tile ^wtlfowvipv. As minor surfaces deb riMrati! # this luas to b« dime not 
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infrequently* The pwodnre adopted lias given fhc &V«olotc Loss by reflection at 
the aiderOtitai mirror for all wavu length#, mtil Oil- relative hum for this sev*- ral wave 
lengths in the remainder of the apparatus Wit hunt hero detailing the prucrdiire ut 
ynut tr - njirt li r it ifl Eufti-uieiit Ui >ay that the operfttioh o Tiwfert* of hvn parte, First a 
HW iiiii apectToeco]# is set up whose ppeckTum is formed at tho slit uf the Jlrsl. Here 
the bolometer is pkuvd and Sh? hjdinitEuiis rend fi>r several points in the Qpertnmh 
T3n- hdoeaeter is* iheti replaced at Its n-nal stand ami energy curves uf I lie houII 
portions of gjieeimm it ha* Jil^ L Imsmi measuring' are taken, Those hits or spectrum* 
it will befletfl. have suffered ultsorpiion in the main sjnwiitiftcrjpe *inoe the torre- 
spoqdJDg deflect ions were flret tak^n in the first Bpertrtitn ui Urn ilit+ Therefore the 
reveral quotient <«f the urea* under the hits <-f t?ner^y I'lini- t<* the deftarliuru 
obtained prior to abaorption nre in proportion to the transmis^oti h if the sper'troftYqto 
at the several wave leti^ths. 

In On* swimd juirtof the pruHtfniv I ivi i frichly .silvered iiiirrura are j (imztlIU a ] 
to each other in tmeli a wny l ] lflL ihc Intiull of l he riderttrtat mim»r striked the fin 5 !, 
M reflected L" I he rt^.iml r sitid th fctH^ la the ^jeetroeCOptf. Thi* causes the S|kH!tniIll 
to be weaker at all wave lengths by 1 -^h experienced from two refit vt [ml* liuui when 
obtained with the beam from the aideroetitmirror direct, Thu* is the absorption 
the two TkiirroiB detennim-il* mid by replacing the flidcitwldt mirror temporarily by 
ujju irf them, its ■ r jit!fin follows nt once, Tln-r deEenohuitUius of the Hlwrplioii 

id t ho apparatus have In-on mode hevoml times. hui 1 will m-t Iwre give their Trulls 
mm in detail, which are in |KW»1 udioflliinre with limn? already reached by you* 

- 1! ftmrjrfiun 0 / Mr nhru ■ ma d rftrrt i j f a Ur >rj ufo.. * uf truh r t -vp Si mw Jjini m ry I J i i 

all favombio oppoHnnithtt have 1 H-e n iwd Uj take i|uiek e-j?t*oil enrr^y eimtw, Thi^- 
have lits-si made with quite dUferuht altitorles of the situ, Somcidtiu^ »s many r? in 
Imve lnx n taken in one day, inn I IfiO were lada*-oji Jacnuiry 20 and .July I. 

Thest- eum*s aw HHailir^-1 from two jwdnts of vLl'w, tirsi, rt'smnl* tlie varijilioii ill 
iiolyht for itjugle wave ii-njrtl^ with dlffecent ahitud-> of sfiin; second, jls n^rds 

the vuriation in ann and ^iNH ^tly the areas nif No- m'iouj* of water-vafsor 

■b^Orptkm. The tirvt kind of examination Ic-Liii-»to thr deteriniuaLioit of the ffenvmi 
ibsorptinjii of tin 1 air, theHflvnd In lixiog the variation* in numiaiiE <u the ^^irradia¬ 
tion li Eel of the s pedal selecUve dljwrptiw >>f wbUit vnfs«r. 

Tn iIIeiHI raE^ 1 tlio first anelhi Hl of sludy, lot lis seipjkbn? f^-veml I'Urr^v elirvi-s to llaVe 
1 it 11 : taken in a Mnjrle rJitir day. dnnnjf wliitih tht- iKirnmeter In-ij^hi v/hh • It i, llIh| 
let ^P> 0 j tie ihe standard throne-trie height, gencmUjr laken ll- 7h eui. From the 
ftltlludw the sEin as mmpntisi frmo lIn- hour anghs and ih-Mdluation. the air till^ 
{fa) is determined. Thin quantity ro|irw*ntJ i hr ratio whkh the auw->f air travorwd 
by the mh\r beuu I tears t^i that mass of air which would Imi tnivrrwxl if the pun was 
directVy overheads I f wo suppose l - i tin ru|pre90jit the ainmuit <d nuliant i-nergy \^r 
square centimeter of a certain wave lonyth which rowebea the earth Vh surf Acts and 
(O the mnotlnt prior u* aljeorptmn by the ranii'H atrnosplien^ and Ih-t (a i U* the 
proj^rtion tnmsiuitloiJ per null air tnars r tln-n by the welbknown formula of 
frontier; ■< 

It 

r=r v i H, B. 

Bui since the hAphi (*/i of tJn-iKili^njphk- energy i-itn-e at Hut wave length in 
Eiweation ii* propcrUomU to (fb we may write: 

Lt 


rtJu * F<™ have points!. . this formula ^grossly h^pbmBy in ihat [c\ Is 

t n-jiu-t «« if constant for all wjivedi njrtlm, Tims entirely erromxms nsiitts an- 
reJi'/hnil The present use of lire formula merely iU^utiiei {fij o^Uknt uver the 
evtremaly narrow region nf covering the lioloujcter strip m anv given 

indmii. A# tlmaupplM It is believed UliiE good n^lts a^ reached, if ^.^ie wnw- 
SenirthH wnen- in qin^ion It is Iwlieved ihe- formtlla would Im^ exact 
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whi'TV \k) ip mi instrumental fftrfar KKfmeotod with the width of llu- wht r the 
tii in itf the n|miml purfiuvs, the quality erf thi* ltolotntitur, mini the fitiuqtlvt'iieiai of the 
galtnuuiiiipter. We mny ungtum* nr_i umt (£ji to humn*t:rnr fertile nhort elwrr rrf 
t i ii ii* pmiplcd 1 1 y * mu* * 1 ny 'h i *\** 'rval ioi1 k We then e -1 I ho f*diei w mg ^ j u*i&«ii; 

B 

liTig, Nr* l n H' iM) 

of whirh the hu-i t«mi h fsuifliuiit* This equation U hi the form of ihr equation of u 
ptnai^hE line, *o tJmt if wo umko a plot hi which htfiphtu an* proportional to 

li^iiriUiinfeDf ((f] P Hnd JioriKoiihil dinlumttf E" valuta of 1, tlio v^iow olj^nn 1 

tioitN rihohUl ilelertiiluc a wtmiglit line the langHit of win**; hicUiiAliiMi is the qtUUt* 
tity lotf. («)’. 

The procedure hue follow od with many of the nwiw *umw alwiuly liken, 
ami from result*! of four tif the ilourtst iSuvk I tflect the following data form few 
wave piphirn]!/ repn^-jited in Fig. ft. Th«- coeffideotn E.‘f trartHfubudon uu 

till- (lerivntilKivif tho Sirfftr niiliuEion of ihuulvotl wave hu!i;tlj> which tin* trskltHiaiittcwl 
by ei vi-rtlttd in i-liiu 111 of nir utflhindanl ljuitJiii^trifl j>it!*rtire. lr h not th« «*knrtlvo 
imiutmi^Kou iti JsandjH, hut the pmoruJ irm^inl^hni he ilm wrvc- lenjrth* which 
ip Jinn,- in rjllitiffuh. 



/ vain,* af wfirtmt* of ttimoqihfrk inw*inimm* 
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II vv l 11 be noted I bat ihmigh ibis jigreetnent of tlswe valuta WHidd nut be held 
wr>- rli'i^e in snme lines of physical investigation* yet when it lh taken Lki> > ammnt 
th*i an invisibly thiii eland nr mi uiifurvotintiihh? Lliz-turitfinvu of the uid vunouietiT is 
rtiruotliuw hiifllejeEit i>> make an energy enrve erroneous, ihe o-ulm preiidn- well- 
It is yet Uhi tuirly to do mure than mil iittend&o to the clypre^iun in ihe v urve in 
tfie yellow ll.j-L green at about 0.65//, This may U> dun to ihe abnrjitiim of water 
vajichr. hilt exi^nmenia hen? given are preliminary. Results nf int*re?i appear 
probaMe in relation to tlie [ipiilieahility nf l^mmserV forumtu to wave lengths where 
elective absorption in active, ami relatbjg to the variation of ahnuHpherir absorption 
through tin -1 lav ami through the yrar, It will bo observed from the pnreding table 
that the gy&erat abmptiim is letuat at wave longttui IMm and L30*i in the infra red, 
wtmh^ the tmiiHini^i in ^MdHeieut Han to 5*5 per oeuL 
Ah an ii lustration of the jvhuRh obtained from mniHirv* of anus, and 
loTid radiation fur^ntmdermble rani^of wave lengths, I eall attention to the diagrams 
i >f Plate IX, Inti i lw -1 iagrair lh i he hormjJiUil * lista nre^ represent 13 ie ti imt ■ if rl ■ e vuat T 
I ha Wftkul distances the corrected amu* or total miliutiim received* ccHfeapondiug |n 
i certain h- Ject nl f.-rrtion- --f i h* teu rve. T3Lr»>1 m-rvHtlOn* i>ii w tih-h Ibese*eln■(wl ureas 
jin h bused were all made a ( or near noon. In order that thu ^-vi'ral spectrum energy 
curves might be comparabk as regard. instmmental condition?*, all the direeElv meas¬ 
ured aresL-f were multiplied by a factor ohoHen -o that, ns corrected, Ihe curve- wnnld 
elII Inj iliiniiortu height of in centimeters til 1.0S where the irunsmistton, a_- I 

have jn*t pointed out, kgrenti^t, The iipj^r line in Ft ale l X repre^nls thu t- dal nrest 
i mrlu* led under 13 ie e nery y eu m? 1 *et \\ ecn « avu 1 1 ■ rsgt lis i e, 7U a as id LPS n. The 1 1 wvr 
hill line indkidip tht ^umniHrkniiir rti veml i-niioiiHnf ildnari a hnowiito Indent>ubjei:t 
In dhnLiinUon hy lhi j uli^orption uf water vapor T tuonely, tho regionn o.sfT ft to 1.10 u r 
UOn hi l-^cl JJ, l. (INJ u. l.h-ttjf. ol many jX'iuhdx ;i tioliml line repn^'xit- 

luu r Ehe Hummation of the n-csuiiiiEng*nii^ ineludinn ihugreat wau-r v .ij*or Immli# of ihe 

in I ni mlt.pa Wft volt'refill pf There nrrv-^l prnln I llirnn^h July Hlld 

Eur additiimal inteOK!. niiow how im^irLint iiretho eltetitw of water kiprun thoiliiset 
radiation* w*s n-n'ivo Fn> j±i Use vm* In «nler hi innijKire the wveml furl.'* i.f the 
earvi:^ justly, limes eqidilbiiiijil: frosn the June i-nl-iii i- 1 1 ■ ■-■ sI<I \%- SL-hvl^l -.. fj fc:L t 
31 1 r 11iaw?vs :in- tr.ivei>i- L T3ie diltert lo erf in air iioL-d an- ;ru it *uilidenr Eo 
Uin- uineb effeel iap--n [lie ^oend »IiM>rpll{»L in I hi 4 region, Imie afh-.i thtt wjiter- 
vjij^r nl^kn a l»»» •I'pm 1 i*My, 1* will U-- m that the lotal -ilar mdijitltm hi the 
tvn^ai U-e wi'.-ii U.7H ti iuL.1 l.h-i it was on mravirege fully ]"> giernnt greater fn Mandi 
of tbbf pnwni ymf than Id Aujium-i. on w^otti of the gmbsr absorption of waler 
v;s F ht. E s .H..|,irLug rhe K^llTftt.' ]^. lilts, it may In- smi thM tJ L e VAfiatii.i, in witter- 
\h^t nln-orplion, while, ah we liAVeJttHt seen ,00 the while W4iA>nnl t lh yvt ten Ihn^ 
UmEmg fh-Eii -hiy h, day. Thiu- h for esBUijilOp ile,mid lie \ nii-rred from aritaw*rion ol 
tbi. I'wrv.- til Mundi Hull ill two api^n-iitly^liAlly elear rfavs of Ih.-aun-w^k there 
™ lo jiarcvnl its Ihesqlarrftdlatmn ri^«iy^ F owing to th diJferenn* 

fh WAter-VAimr al^irptiDn, In ^harp ccputmst to the vanatsihly ( >l Ihe of tho 
waterevaiM.r Al.^-ndion repema »the behavinr-d the remaining portion „f the 
trmm Tin, e-mtmij, scans secondary bm .till cuimderabh wahr-mnor hind- 

^ tim ™r' . Multu ; n * m n “-■ BlJt 51 I^ble an A rwnlt uf tl.U ntudv 

!hat cermus h-^ r^i^s m.tahh- that N-tcvecn wave length^ tt.97 v nml Ud n 

^ nearly b >' »>' ntme^c ^rption that ibuv am 

141 s f I siihtf ne bat Lon fl tict u ate. f m m y t jir to yi-ar 

esperitnenta «„ ihe ni^srptioo ^ the Nokr 

walls he nfsparsta. nvafkl-le. Fig 4 ... the n-MiliH thus for r,swh d Li 

h. length., vertical diatino,* Ui IransmiX, 

T '™T M «- ™-t exaelly Hlmihr to ... nZ 

given fnr the ^II a atne.phen. If we repm*n! Eh, mten.it v of the nafiatiou Z 


SrtjftiMniHfi RiiMrl,, IWI PLATE IX 
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receive front thh center ui the ictkr dl^k. ilk unity, then wr rtitaunra farther anti 
frrthfir from the ■mk r the mtonrily will rfiiuLniitii, fiwiiig to tho n*y* 

oxperfeuee in tin- over-bcrcswiiig li-nirth of |uitli tliey trtiwiw 1 hi I lie »>lar i-im v<*h «| «• 
rtifferviit wave hngtlui an- lUffen-iilIv il'miiiiHli^l. The tVgom ihr fmcHoit* 
r+>i Liainhin for tike intently at j,h4hTh W5 ]N«r eent mid E*H [ht rent inf tlie nulm- 

fmm the renh-r, tii-ferring e<> Fig we — ■ ElntE in the solar ajj-i the lentstrkl 
atmoctpJie^ llw uluorptirui Jh Wii^t in the hifm ^l T mill indeed frfkiw* U ^nie wlllli 
MmiUr cam ihramglnwl the nuigvof wave length** hem bvmitfiikd. Tfcu> juvunioy 

nf itie n'Vitlc.s |.4 ih»L gmir enutigh 1 -" ip"i*t *irt the filgnillaiiiit'of tliu inlhftinnH w hU-h 

lippeaf in the enmw given, hut hem abm then.- in a Mini lari ty totwii-n the u-rn-smal 
nod r-oUir uunw. Owing the im^'rhetinn of the targefolar \tniun-, dot in 'Mtnil- 
<it tlie air, lu rEn/ miniion nf the field by the sidDrocftrt, nml eo the fnet shut ihv 
ilmigi- wns totaled by a winwx mlrmr from about 3 eentime-ti^ dijiim-oi- tn -10 
ii*nij[in 1 Err-, it wemed wires t«. Mitcmpt |tn»Jtie(nL further nnwnn-inenEr, including 

-mne on the mdtatii.. min ^*0*, until hhiw better way of pnwlucitig theeuhir 

isnni^* wit* arranged for. Kip^rimuiib which l»W Iweii smulc for flii* |mr| * «<- ■''' 'll 
be described iimler sktiuther i'Hjiti i| ii. 



Viz. 4_—Tfc* haa^nsaiyul ibt *tl*f vnvt'bape, llEwirofltal H-mk- rvpnMmtA LrnRfclj* Vert (rat 
TR 1^ exhlbiti tcAntlVC rum nml f»r RnliaUini fcrai the <i%f muL n-utcr of th. 1 niifc, E'tijw L Utor 
iH-r cmn >4 imlle^ »mi*ti;l from Min'* crtiitor. Unrvt* ii» nn |-nLn t-« iwrmimr fnillu* 
ilUtwit hwu Mini it'cH-t, 

I take miii'li t'l'U'Un 1 In raying that the work uf taking mw’riry iMrvw fnrdvti’r- 
iniiiiti^f Nilnr nml Usrrertrinl itlmorption, the ofdliifttwi nrnl ureus, 

nnil proliininnry mlurtiniiH, only it wry few nf which t have ht n? criveii. hitvo W 
>1 1 •in' hy tho jonlnr anwrtant, Mr, F. K. Fnwlc. 

S i^itin ^Kinwrf^-In my Ist-l n«por< I rtlMitl »l *™ Iclliflli lUrponjn^ Iiiml.- 

mill 1|mi;i*4 fur ill itn'h'M.’injf thu n i .rliinjr w nidtiTOm^ of tin* fpilvmn... . ii wn> 

(.ton’ll that « tnwllflwl f irm of ne@lte system mi- pro|K«'<l ( much hwVit r wnl 
probably not Usw nendtlw ihun thww then in iw*. The (Mint Uirn‘ n-fern?.! t.« win* 
lnMiti partly mt ffirpcrlumtito which lm>I bwn tmnlo which who^.-l tlmt two (-niall 
Itiin imwiieto nwld t«L* rlws-il within n iltotmiH) *iwnl to their own dtoon’iur without 
suffering much L’cmhiti.'ii iimjoietUi inmuent. If litis jwcnx'd applicable to a 

iivifU-ni «f mutwittB ma^nctia ii wnnlil in: [m^Ihlo to tin* nmnWr nf inBg- 

iietH to a linniln.il nr mtm- without rif HfMrtiiility ovcrlwtandug the swin wliirh 
would twilit from dLi'Kinnnic the mtotive ntolneat of inertia nf Ihr inmuiairnotk* 
material. Shortly iifti r my return from Sumutnt u nenilW syrtiin ol ilns kind was 
roiutmctod, mdtalnhig 120 magnet*, W> at mirh eml. wpaiated by apace* diwl to 
the thusbiN* of 11n' m ii I hv. Tin’ iiroblcm of armtifsiTijr thuni ihiic ptoVed n pretty 
diflimlt nne, but was wived, tbempb idler a Iwliton not n«itc mtiafaitorv. it wan 
a dumppointmtint t.. Oral, howOTw, that the wnritiveiuw* of this ayrtem wjli only 
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nw-liiiTdl LL4 part SIS that **t the very Lairht system then in nw. To discover the 
oJ ibis a large iiiiiiiIht cif experiments wen? mmie on the nuignetu; moment of 
iifc^^U+TH of vurli kjn liiaea mill shapes between wtaighta *1(XOtHitf mid o.fSOftO milligmmH, 
anil ■to wciWiiflliMiffui them m vnrioiiB dtsiiiitri^. In the cotirffi i if thb« InYE;#tiimlioii 
it wp^in nhown 'n* hud nlrvwdy hewn airs-epted herd that for magnet* lietwitu llw_> 
limits «»f live ami fifty time* iw long bh fhk'h p ihe imtniieEie iiiijmem Em i finally pro^T- 
thmaL to the pitidnet of the weight bv the ratio of thu length t»Lhe diameter* This 
rektiun fc r and hoe Imcii fur <>>mv year* u fi i ndnn mn hi l vx minis h-mt Lon in thuftt&Hlme- 
tinii * i f ga I vaimu neter numlliu here. Rot t hough m n t^rn t jij< pean*l i n this us-m i»ptiom i I 
wufi found llnu the other, that n great num^r of mugimlH vould hsitfrmthined without 
much lo-s with! nmlisland uEnirt etjuat r. i their d lameier, wiw s pa lie i m* mm I. Whi Ic 
ibis ie (be ewe fur two magnets, it is not so for a larger n timber They ntn not 
ftdvmiftigaCBisly be piaivd m a slbrt&noo opart low than 3 dtemetern without a monk!- 
etiible b^ "j fond rnugm-tm motraml. This is the m-tt whet tier the tuNMlIf* uro ilml 
mid then uppmnehed ur iiiiijjiirtiKHl in position. ] c t* slightly I totter to 
keep them *1 slignioterc apirt. This condition pn-vcdtwl milking aiL^lle syslenis ni|i _ h 
SIS were pyopsised, Inn el grcalvr weight uf syrtsTn seCnied m* very iWraliki that new 
■b k i”inv were i Lisi-iifi.^-11, S\\ needle* in :l group st^nied n> Ih- itlmnt the limiting 
iminlier whVh eonM he list'd w ith utlvimi^p, *s that u< get more than i£ noodle# to 
EL Hysftuii n^uiml 11mfO t bun 2 groups !•• |-nI thoin in. It WfLH prn]*>seii to Ujh j lh 
smlls imm^nl of i in the galvwiLvtneleA thus nllowing $ gmupw «>f ntHsih's vt 4* in sill. 
This involved a deliberate of Eemdtivene^„ Allowing fur the uevenil 

torl.jhm mj: i-ffu l^ Li L-niLiputed that the K-rwitivemw jit n time of nwing of iav! 
KhHXHiil would Lhc -inly akmt ..an^linlf ortwiethink as ^n^t fora Jtf-i-.ii] in^roiiLt-nt 
us bra bi-i.jl sEistrLiiiLboit nf i'LjLiiil n sistsijiL-r. Rnt it wuh iTiiiEidc-nlly lielu vid thm 
the sfniiiiiH^ of the former und its UAU'r L*u£wdtr for tl*. m liSgber^"tunem oE curing 
WO util Esnot than ivanimieate thbt Umu 

^ccunlingly a IHhaiU jpi]vanoioeter t with ..lb -yslmn cnatalning A& magnei^ Bmd 

weighiiM! nearly Itf inillL^mm^ was uoiiplnirt^l. lis m-iihitlveiii^ wn- bund u, U- 
uInisie fl» mtnjHtEL^l, and its stnidiin^ w*. nmeh sups^ri-Kr to that bfnierly enipJovs'iL 
bnLh 1L* rcisanh dnfi ami tmmir, that it has Inmii il*h| j?inve rksvmljJr with imJt 
marie Ml iirii-jinrngt: fnr Inih^phlr w.-rk, >n onrindy ^tmEwrh.ry has it prtivetl rhut 
siimilmr J^-stilL gailvanoiiiotio with needle syshou, ws i^liing n r oi 2 tjtanjs. hiw l^vti 
imiu^irnsled for use on fin b grvnt Knsjkmshiii sysi+Tu inf vibkb I * j hist v^zir, \ 
ki>,e until I ter . .f ^s^.Einde needka an weighed, ini-iL^ir«i, atkl their luugti^ 
niOniL Eits tlt'it mibi^l Udore the irt mv siehTterlp *. I bill noo|>|^inu nfity is .lIIow^I h.r 
u, fms w<-ak onw to lower the seiisilivened and 10)110- iliu jtsrut[na=ni nf Elm nimbi- 
initEnn. Ths« system lustrously magtis-tiF^l iilt«r its: FiimptotW bv ihi* uid of ji iu_ 
e.iil sdiTtOHioagfl.d. Ill I he milking np of lliivi- iMkdlaH to form the system, n Hew 

Iiiuji^w nf ftwtenin^ ih# nni*nmb bun Iwti devEmi) by whirh n-sults very ^i^riurtn 
any lu-ndofnre otitaim^i lleft K WO- O'fiehi'i l, 


Further eKpeilmeiil.s on ttio eahausiion of [| 3 e- ub fn-m the gzilvanoim ti-r have 
Imho mnde. It wasfninul . Tto-mely-ILflltniU u< prevent Imk^eof alr fnlo theiiistm 
Eiii-m, and thin wlion it m-njrred caustii ".Irift.^ Tbis dimetillv b.m at h ngtli l K t i, 
pnM Eiially overname, \\ bail kxwti riipj^misf that n pn^eiarv of I rtiillkneler or thure 
alKPiits wooJd \*v L|tiiie m low lW wouM be iiMiwtiy wiih a ut»\ aingh- rw irte 
Hut even with the Iwty nndle sysu tn now in n^-.the damping btNiiiiioexcf^ive tit 
2 .^Nsxinrhcsingleswingim.Hf.ikH mLlllmeh r pnwiiK. Thep^wuie^^ m lm^l mo ^ 
iiiilliiikeEtT, and next the time .<f single sw ing was raised to».& wcond^ bofmedamo 
mg Iwivmflfeivr. The very p^miaftjg r^ifit wa W rem ind thait fMM ir JrJ ,-L 
thf tifths lime 0/ «ri»p up to u time of ringk nriri K of shove 5 

h . -msU Further exhai^Liun of the air proved impoBiblo at the 1 iiim F o wing to the 
vnjrnr of the w « »l RM tisesl uh ml the gulvarmmeler. Hnl bv a modb 

Liitlnn of the enter t* t it Is Miovud Unit tbi, dMeulty ea n be rncrem^. ^d that 
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tb lli n i Wt year for tli ^ i Tarry lln- prejiortiuBaliry i ^stwenmiM action aikI Rjiinre 
of tJiit Lem 1 of Hwiiijf up tv Id -^-midy rtuglu nwing will ill length It n ached, i -real 
^twidlcwn' 1 was! olwervcd iif /p.S sii'i mdtf *rrt iny. A of 1 lulHlmeioJr on ihn 

Kislc then actually corix^pouded to u rum-nl of only Ti lJft * fa M mnjH'n^ Jti the 
galvanometer. The mdslatrceof the iuNtninient is only Ltluhiu^ A current of onto 
tenth lion tttagni tUile—nr ox 10 areimree^rould ftctnnily have \wm mrawiretl. 
Further advance U cuiilhfc&fty iucpt!et«d, 

PeFHmwI-oitivtitm ttuirkiar ,— Ymi luivo placed m the Ol**ervatory hi r trud mi hudru- 
Un:Ht uf your own det%n intended to eliminate the urmlled jteft+oEial ct| nation id 
iJiil IvIhItulI i pi wbtvpih ill mindt olwrvutioiin. The principle of tli lk- iuidm merit ron- 
in Hib-iitutiisp u judgment rd this plaws where a midden phemnuuiioii <avtnrol 
for the lime when it owurred. Tm use An ilhEFinithm which you hove already 
cinpkiryed, in n\^ the shirk field in which only the ntnr h? etwn niovinn wen? Illiunb 
unit'd every two swunrin by a Hidf-nvopclinti fbudt which showacl she rent ml wire, 
are! if hy pure accident I hr Blar wtu* caught in mi cadet hbwetlnn when the llaeh 
ciuin 1 — mi Eurcklent again*! w hich the chance* it re perhaps more limn a hundred 
to one —it br evident That in tIlh rare &ml luprolialile event there would lie no [nf- 
nonal kiitimtion lo allow for + is the lime of flarii within twodcmThilfl were noted by 
tin" i il "hi-rviT- Now* tlm object of the followtlij* iniHilmniHlll may h“ -:ihl to la> iu 
make thin ills Eilgnt tukpfH'ii every tilue. 

XEltrt 1 N.d off undi-rst^Hhii, m (iref tried with I in- upiuUilTllH which you f lI M l! -1 m -•! r the 
dedpi wits Tip jllitminnto the vtm-* wire* ■■[ lln- Imn^ii In-triliLieUt l«y Q-tltotnAtirikll y 
moreled fleet no Sia^he-H sKim-ring a! rvunlar Intermix i-ipuil in Uie ittui' «Eii^itii> 

I iet weell piUotiiftf of llirf-turru-o —hivi-ohvc win—. An iidjUMtal do m-rliiiniHu allows I 
the nliscmr hi iMt ii or defer llo- whole ^3 >ictli "i Ib^his* unril by ■nu , tt^>'ivr isdjnst- 
uienle lo; noi^lit the exfict Hi^Tnfit when the 3tar wiw hirtTlerl by the dark win' in 
the iiLstanliimroiiidy bright Held, StwrrtiS aiicb adjuMiiientjL ^mld !»*■ nnule ■ hiring a 
r-lar inuiHit the muiierum* win-s i\w tally, wild tmtiiwlintely after ein-h 

ftiitlpiiiirtorv luHeetlun n^i^ntd was miide hoi the dUiuiicjrnitih by n hey in the Imnd "i 
the oftrtL>r\er N rp thwl mily swirh ni'onteii Haali^ hh were thn* di^tinpu^hiKl were ll^I 
in slelrmtilling the tino- of Iwlt. 

In onlrr tn Sit-1 EIm> value id ihi^ iii^tnsClient nn artifldnl star wa* cnn^HsI t-i move 
through lbe lac'lx L ol ji fate oli-oil ei|iial lo ttuil *4 u equatorial tftar, Thi^ stm j 
wlls i iiovn 1 by a w-rew nml eloekw ork uf t?rmt areumry, jnirl atwiiys thmu^li the 
hi mo jportir>n of the « e rew\ It wit-= at I «-> •■ pfr»vlde<.l that when tbi j ntnr wju- exactly 
birtiitil by thfttninhile win' an rli^irtml Ionian i nas hrohoEi,M» that thortar reeotrb‘4 
Sl> ik IrsnL.-ir 111 hi HI the- ehnur r^nipln The ad jlLrl UJt'Ul of tbe CnUULrl fi«r thin biN ! r- 
tiiill. ww mmle CM leisure wish the *Nir snithoTbiiry, ttiiHI was T hi 1 refti-ru not subjreS to 
the pereono] error of trartsii obwrvndUmg Atvonliiiyly, afl^r rktemsinthp all the 
wire iulervab, it wte* entirely easy lo measure the pereonal ^jtiatiou of the wt^msr^ 
whether tie n&A tlte pereen&l-equation machine or the ordinary method, merely by 
comparing hie olwerveti time of traitiei t with that records I by ibe Ftur itself. l‘pon 
trial it win* found tlutt the persona! ei|uation of the several oliwen,erg wile not w holly 
prevented by employing tin- machine m the inAnnerdiverttn>d; slml m, by blihHitTnm- 
Judgssl dniii]g suritanlaiivKiiiH Rashes. The w riter, for esan]pk\ rdweiTed about b. 1^ 
! s tH i ond too early by Imth ihuUumIs. 

It I prei^Me that the observer w r as LIE hiawd in bis jmlAnn-iiE by watehing 
the march *4 the star through the held pctv 1 ^ the very faintly ffhnw inp wire^ whieh 
ace always so be mfdu niut by the be my light nf the Mar and ^ky, even though there 
i* no ilhimiTLetiHiTi by tin* fla^h. Accordingly it seemed to pmnik; §upws^ Ihj alter 
the arrjujafimenl so thnt the **tjir would In.^ hidden except ut the ii^tiinlrH ^>rn^poud- 
in^ to thoao w hen the dxish bad formerly appcwn^l, nod to steadily illummate the 
held as h* u.^ual iu transit inMnimeat^. in the test this wan easier that] in actual 
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pnwUce, E»t tk Jkrlil]L’iu.f >tar itself cculd foe obscured by u shutter im mediately in 
front of U. which ■’onId U i removed i i j~ t: l i l tI_Li jl^ 11. L! T.■ by tliu electric (10m th^ 

jv^ iiuil^iiHtion n>acliii»i The m 4 I»h tiling- i h m Erl + however., bo duiiu ;tt the if-nal 
plain’ of the telescope in mil u,*e. 

Upon trial this device justified alt hopes, Three observers whose habit U to 
ulst-n'i 1 , one I'Hnarly, cmv t<x« late and the other very close tu the tnie time* we nj 
found nil In observe as eliw to tin- truth ul- tin- iicddefilid s-rr«rr> wotlkl in I m Li, 
which in tin- ease of the -B-fiK't framH intuit instrument employ id wil^ generally 
within 0,03 irooond. In niher word#-, \t.-r nml ^nation swum to !»■ wholly din i bus ted 
by this procedure. The general deei n limy lie Applied without great expense In any 
on I lit ■ ■ [ Iniu^H u ru.l ehmlji^rfUjih. 

Tn.iiww/or^i'rrf ^nf-ir oriurfr.* is ill ready said, thit experiment.- on miIiif eiI k-i■■rr >- 
tksn, nature of sun trpqis and ott er phenomena required for their ^n-i infill enntinu- 
mlion a large Hilar Image tiw from Mathm audita fm: a* jumble fnnn "fooilinjV 1 
and from optical defers Among latter it w ilt bo evident that variations in 

Lil^orjitloi] amt in m^iilOisitioii at ilifferttit jioniointof t lie image were quite mrloaa, 
n h well Ji.- the ordinary defeuta of definition. To magnify a Kiuill Imago to the 
required dl&EinitL'r nxihii^L to bo very [uid^inble, for several fcel-hh^. chief of w hich 
were tiie optical defects jn-^i spoken of and tin 1 inrcra^l 4i boiling +1 due to the 
healing at the small focal image. The me «>f tin* Hiderostet ns objectionable on 
nil Mtmt oi li* rotating the flehl- 

You have therefore decided u* uh- the L^-lpHtat and li ennaw mirror of hn» 
enough focus in form she iumgi? nf the diwrct! niste without a second nmimllkii- 

i [■ hi. . . oeh^1nt 1 which I understand you to hnv< beer h =' employed by you 

.L-i a working in-1 niiuent mi a large H'ide itn !5W\, t* er, . illy a plane mirror 
retailnc on an axis parallel w ith the ails of the tairth at (lie rule of one revolution 
in forty-djgbthoars* It ts unable to Ktful the reflected 3 seams? from ohje. i;- nt dif. 
h^reni di>clinalinci^ in the same rfiim-tlnu, and if nw\ tn jntivulo n hodzonf&l 
refles'ts'il beam from ihdtmij, imwt h nd It itt m tncsro gqutbedj dim^tiHin in ^ommer 
then in whiten In thin latilndo the axtnmio dir^Uona reached by a hnri^mtal 
i’0#I(wtat beam wunld Ih> r^pevliveiy, about S0 Q north mad 30^ peulh of an eus-S :uid 
wtwl line. Ti- avoid moving the eiineaei* minor nnd othir sijijwtrabis to fruit iht* 
uhlfliog dirfiTiuti of ihe coekHiil beam, it hc& l*een dels r nnlni>l to plueo a mmnd 
movable plane mim>r close to the i*ueh<dat to n^flent tlmlieaiX] 1*i tilt W3tveminQr r 
rvtiUnitig Ihe latter fi»l- This mlrmr la hj uakunt^l eIjbe it itui !*■ w heeled north 
or south along a tnmk Hitmt'id sim elone to tlioenehHtat poanilile. Tlii« tnwk u 
deigned to eurve nxmd the south eiwl of the sxHd-Mtafe h> that the arcond mirror can 
Iht either emit or wi^t ut thonH-lnatat as df^ireil, and It is intended to u+v it eiist in 
lh«i uinmittg anil w\*t in tEi^ aftemonm A mntsuvQ niim.r of IS inches ipertim* and 
I4U h-el lueuH which you liavc onlere^l will ht- placed about 00 b-ej. nortli yf the 
cwtcjs+tjit. Its I.H-aiLi on !ho way to its kttiu# will psuw directly uttr|?r eIu* i^Kioslat 
minor nml Iwuw-een the inornJng aiul fiftem^n popilions of the eecond plane mirrer. 
Tlw- coelustat mirror im iIjeih amuit 2 fkt't higher than the concave mimir ctnd alw:nit 
I foot higher rh*n fcli^ secuELd mirror, hi that the latter tufts no hhndr.w on the 
raek»tjft mirmro.riTpt for very low trtin m ihe times of the i^jtiinoa^. Ois iii^*mnt 
of the unfavorable indinaiiott of tlie codriptat mirror at Wfrtiun times of the v«ir 
and cky + \t la determined nlso tu provide for the ii*e of the two plane n 

polar stdemstab tince only slight changes are m|ttirtvi to alter a jxAmr idderostikt into 
a eockieital, ami the reverse. If n^i ei* a |Hihtr»dflitMtah tin- gain in ctfcetm- rnirrer 
surface will 3>e nffstrt by having a rotating Image. 

In either .“ams cl> tin* Arranged, it is p ^ihk- to eomphudy im ka^ the burn of 
Uzhi hi huiLaliletnlx-alter it reach*-* the on* foiitnt, elulI ev* n befon> T hy it iuIn^ moved 
to follow the frtui. The only ilhl< of such tnbra is to pmvi itt the FioEt3iig M ««r 
cut motion around tiv&f&gm of the image due to air waves in the -.f the Iwam 
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llI j d t several 11tiitc 4 decisive experiments wen? made I iv ymir dim’I ion to determine 
their ufoctlvuim 

/>prnW-jji* mu 11 fatting 1,1 **/ (ht — \ uUI si lew foi^n, partly in imtiri]^uin p 

Id rt'iemo to your n^wljr-intnxlttct^l device far wBll^nowii vfkrt 

of '"Itoilini? 11 the telescopic iturtle, a difficulty due tu tin? ™th' s atmosphere and 
which hiseiiitcd always and t^veiywhert, mid which ban seemed until lately ro 
joEDimoanlihli! that. it ha- not even iftvn tin Might >4 u> subject to correetiom Tin* 
device that you Eauvo suggested is^ivtiully nut in keeping Klu- dir -tLl] witliin 

and without the telv&^i* 1 tobti but hi viihffiktty agitating it caw ll- pe at a range an 
[^ossilkit?. For tlkEu pttrpCH p under your irndriirtiniw and with the abject iif rehears¬ 
ing Oil a -mull walo wkli if the delicti lh rtiiiw-Hftll, will Ire later tried on ;t large one, 
a M1 vitv< 1 .pUuB mirror of hi hndic> diameter and -10 feet fueits has been ret. up in -l eu!h. j 
with &ev* L Tnl concentric valls r re E^i leave the interior air m sdill a* pH-able. in 
preliminary experiments the air, in spite of there pfcaatiotu In the invitation, gave 
inch “Iwiiiug* 1 of the image a* to rerioitriy prejudice ihe dell nit in m, liihI tliir, 
although the tO-foot tube hud no ll 1 ** lli-uii thne walk, being 7 inuln^ In Inlerinr 
diameter ami LuUchc* hi t^Eurmr diameter, uud inclosing the beam nit the way from 
A W^i'ind plmm miffOrm&r the ^adostat to IhcftoneaYH' iuim.H-.Llid then IT totim focus. 
Though this tidtc coei tabling the rslJIEivt slif of the tu‘i-1 Uniform k-Mupt'lWtulT wbh 
Hhy|tL’l\iI throughout by a c&uv&f tent, flit * 41 ladtluj? 4 " wU* but a little >]iniitlhdl«^l. 
Nothing was gained by diminishing the nj^-rlnm of the revend mirrors down to 1 
inch in iliiuncter, and nil ihk nti? only whit liiul lteen unliciputod from the ordinary 
eyfK-rioiiio of astronomer^- A 12-ineh blower run by mi ilcetHc motor wji» Dow 
enured to exhanit air from the inner tube at g hull dozen points along the foU . nrul 
to force air in nt other poim^ uEteruatc w jth ho .l- tlm.- viekmtly to ili.^iiirb nr 

++ L H htirn" the Jiir by furring a vigofr'ni^ eLrykilalhiki of it along the whofe |mth of Ihe 
U-.irn fn-Eu che codoehu to the ^br imago- Thin nof|u^tbEwtbly itMhicvil the lJ boil- 
ing- s * An skrtUli'iHl t*t«r wna provided nt ihe fi«tkl phot^ die plane rnimr near 
the itvk^tut wan plnecd al rLglit Mligliif to the LuIh.% nlid tlm# the COJtmVu tulnw, Jirt- 

in^ 105 both QcjUiiTiMktar utu ^ objwtlvt!, bruugtit theat*f image i" fiN’ceiui tiic-^tar itH.'lf. 
Uero it waa euHuiited with an eyepMH'e- With he iI ] air thv doflnitiem wiw often very 
jwMkr. inkflgtf luetsined very vttkbJi. 1 nha|»^, with winj*^ or pttreumem; nod I wing 

iiEni eokirtd by diffnu'tiau efferb, romiudi^ ope of a kaloiihwoim- Ik-ld. On starting 
the blower tbo defmition imroedintely heatm* ohnrp. Violently stirring the air in 
ihe tiiW f therefore, eliminates the “boiling 19 wiildn the tnlw and (pumdoxiciitty) 
product^ h still imago- A* Ivfon- naid, the ^d»r image wm dearly improfetl by the 
stirring: hut further improvciiiciit bIIU to liedeeiTf^J. ^Veenhliitgly a tin tu U* 4 -i 
feet Umg, with two walls of 1 1 inehi^ interior diameter and Hi incline exterior 
dlameto^ wn j-rovideil and nmuged to jioint toward tltc Bun t a^ shown in Plate VI F 
swi that the kuA |ias?i-ll down tlinmgh it la j frjro roaeljing the mirror eyHlinn. This 
tllh f Waa c> itiiih'ltNl to thi 1 binder exactly like Ellc ImrixulLlnl uhr, arid Udli cmild 
bt‘ frtinw! at once- There was very i[S3irki>i Jl ljoilLng PF E adore slarELtig the bNoci-r. 
This nearly di?ap|n“arol while the blower wll- mnning. One tkbwrtet enlimated 
the AA boiling’ 1 a* finirdlfthH oYtrcrune; annlhcr thonpht little more ihan n quarter 
n-maimd, atid ah wrn' unanLinooH that what warn left was very little prejuihclal to 
the definition. TEdp la^t nsnh is so surprising that 1 feel eoniUnluHi to add ihnt 
tint experunonEd so far are not cxhaicitive f having been i^irrii'il cm hot a diori time,. 
hjih| with out- tEuit ndldity df |>ier^ which would allow of exact esiiEiiato or photo* 
graphic determination of tlie u lnuiiiig +h of the polar hiduift and during agita¬ 

tion «d the nir in the tube, an distingukhwl from lEnvtiiLiihut jarring. Furl her yx^ri* 
meuts are in progross. That ngitatiMEi 3.4 of very gn>at ml vantage in dirnin^h “boil 
ing +h tbrro I** no L|i],^Eiori., Imt ihe cxnrt mearnire of the advantage for all i-ireum- 
Stanei?i of Ind maA ng rtK|tli os fartber #i ndy . 1 nrideuhilEy, tIn- nir 1 (last h:i“ the lidded 

advantage of keeping the milronf at uiitfomi tmupunttun, Tbitt m& ihe akwdish- 
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nii-nt of boiling *' in the Xn\xt are found to prevent tlHnse vexaihm* changes of f<*-tiH 
«i £timmo]i in solar work. 

Tlra» ^xpcrimcaitS' width f cim free to u>n ie when first prepay] by 

yon of n kind to lucres rather eIm-lm dbuinldi " ImMing,” have in fai t proved 
thus fur aliOt^t wholly sactewtoi in elnniruitiEig it. The experiment with tm ordi¬ 
nary equatorial hm not yet Imen tried, I ml fora horizontal telescope H such eh k here 
proposed, the scheme \* demonstrable and feasible. 

Kartiiiiiwt fj f lAe Jftqfy ,-—In N-oiittsnuuiro rif your oiisemilioTia on the 

cheapest form n( light, two of /'^rop/wnH noctil moci were to 

tbo OIin‘-RL ilciry by kinilnej® of Profuse tr I Inward, of the Agricultural Depart¬ 
ment,. Tin- radiation of the tbomcicvlight regions of these linwcls wtis briefly 
Htmlied by tI ji> niil nf the bolometer and photometer. The insist wata placed 
in the center of curvature of a concave criirn «r of n'ldirnctco ai^rturo and 1 
meter foetus In the conjugate bn-t wife* the rimst ^ , n>itiv-p bolometric iLtniti^- 
niant in the poeftwduii uf the Obaervstery T crwraeuted to the plvanonjeter used for 
holographic work. A uk*- pUto wu* pland la-fore the Ijokim-ter to cut off body 
radiation, Nothing whatever could foe nlwerved in iudlmie any healing effect from 
the light <»f the irwt A portion of the Chime of a slmirlanl sperm i-audle equal in 
un u tH« the light Fpot of the insect gmvOBnch n doilec-tinn that Imd the radiation from 
the insect been ( as great in Amount it could nut have escaped ol^rvsifiuii. cm 
ooiuparing the light from the candle and tlmt In no the insect by tb*&id of a plm- 
E i footer it n sl-: flits ml that area for unit the insect* e light-giving capacity weo? one- 
eighth jl- gniit us that of the candle. Its actual candlepower wn* tVcrj- Not 
count!n;i: the very ermdrlefihlft candle radiation nut traii>mii*dble by gfou*** it there¬ 
fore npitcnred tlmt the firefly gave hia light nl lei* than j.^^the expenditure of 
energy required fur an erpml light from the rtuiMbiTd sperm candle V<*u will In- 
gratified tluii while I hen.* observation* evidently confirm your earlier exj^erinumts 
they show the great advance rim-e then in the senai tiveno^ of the kilometer. 

PEIEdutfXtiL. 

The ohecrvhjg fluff linsk-eti unchanged with the foTlowiog exeepiiotitf; Dr. t!. K. 
MeralenliuJI empTc^d jtr tenijMjmry u->4plant up to Aiiguat it h l^01 t amf Dr. 
N. E. Crin^rt itrf temporary «wjyt*nt h bt'gfnnin^ June lb + 11302. 

$UltMAMr m 

During the year tttkfmtorv hum t*en unwle iti tile iinprovement r.| 

die kil] vRiiouieter. ^ucct'wfnl ex|>eriinenla have hwji mmio tinder the flyxrtctn first 
j>mpi ih^I by you by which peisonlll equation in trauHSt .ibrervnfioiH in nvoideiL and 
rt!!| others, w hich sewn k» l«? of great praclind impoitauce t by w hich ihe M boiling^ 
of ibo tcJctwople imAgndlherof sun or shir pilinw r a protnianor bdng htigclv ovcreocLie. 
A tvmpaiiaoa of the light and bent of the ataudwniL sperm candle with'that of t In¬ 
ti refty showed ihe Intter to be more than IQ h CUO tiuiea more ^onomical as a HDiitne 
of light. 

The great purpose of ilia olwtrrvntory—the in vestigium of the stm and of It# innn- 
sdco ontlie^ turth'-liflri been at all time? wntinued. 

tteapcctfnlly submitted. 

C. G, Amcr t 

dr(f Avila# in Cfco T$t r Ar.tTfjphurifttl Qbtemtfury. 

3ilr. S. P, Lxxolav* 9 

Sfcrrtunf of the StnHhumian Intiituii&n, 


Appendix YX- 

BFPORT OF THE LIBRARIAN. 

Sn(^ T have the honor in present herewith the nfrart r>f the iqie-imtian* "f the 
library of the Stmtl^-mbm InrtftntlAn for the fiscal year ending Jam 30 P 1M 
The nunil»er ef voltum*, ports of volumes, JiAWJpWett. cui«l I'bnrt* recorded in tbt? 
UHcsittn hooka of the Smithsonian ilcgrarii, Library of Omig¥M t during the twrtil 
year i* vhuwn in the following table: 



gurtrtn *r 
La^r. 

OrU v-n i J«r 
*Tn»llrr- 

Total. 


as 

t.^LIV 

f f m 



T r u£: 



HI 

M4I 





4U 




lift, 63* 


_ 

- 


The witwsIoij numbers nm from 4 AH h fflEl to 44^52^. 

Tho greater prfc of thc*> publication* have been sent ■» the Library of Congress* 
amounting during the pmt year fa something aver 1M bosea, ^ lop mwi itfckagee, 
which am estimated to have contained the ft)nimlfnt of 8,^20 octavo volume^ tWs 
i H in^a ending independent of that of the Intvmuthm&l E^haii^, 

The decrease In the mini tier of entries in tlit- invfwmn 1»ok and the periodical 
nxordiwf tumpuml with taut y«ir wrlU be luaiimtul for by the large number of 
strictly Government ■ k^firments which tbw Bjnitamm Institution now wiuh direct 
to the Library of tVmgfW through the Bureau of International Exchanges. Tltu 
arrangement has been carried an tu aminLuico with the undnretaiiding hnd fret ween 
the Secretary and the Librarian of Goftntm*- 
Thr additions t.i the libwttw of the Secretary, the Offl^ and the Astrophyrinal 
Observatory number 4W volume*, puinptiM* and oharia amt tM* fart* of valor™, 
making a lotiii nf %0RS and a urnmit total of 2^74 L On the wml dialogue of serial 
publication* about 22 T S34 prune* were made. 

The umve^itkia at the fallowing plnera have Bint InangurnL <lis?ertatioii* end 
academic pobltottona: 


Haiti more 1 Johns 1 lapkina >, 

ILiLlu a Said. 

Lund. 

RaaeL 

Heidelberg, 

Marburg. 

Berlin, 

Helfiingfnm. 

Htwoulfl, Mont. 

Berm 

Jena. 

Philadelphia. 

Bond. 

Kazan. 

St Fetetai™^ 

Breslau. 

KicL 

stra^btiT^. 

K dangm. 

Konigsberg* 

TmllCilLEO. 

Friebnrgt IB, 

Letpsig. 

W Lirzltftfg. 

Giessen* 

liege. 

Yutu-v. 

Grielswnhl. 

Lonmin. 

Zurich. 


Mi lJKte!-7 
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The policy id ioorc&^lii|f the library Ijy exchange has been continued with favor¬ 
able result*. Ok carrying this out, #“7 letters were written for new exchange* and 
for Completing series already in the library; 317 perilrifcftUi wen? addid u> tht- list; 
■151 defective a i ri^ w$n either ootupleted ur (artly filled, nny*nlinj: to the pub¬ 
lisher's ability to supply tit* muutare mfuestocL About 1,800 letter' were received 
4 iii■ I filed in picket* on which a. uynopri.* ,4 csl-U letter k given. 

Tli* coni catalogue of romfipcmdence for reference bat beeu continued, slh well aa 
the bluing «-f orders for ftmithsoniAD publication* sent in exchange- When niogle 
nnuibers are reported jut mining. |jueftEi] cards mreforwarded mpieFfcing that they be 
eupplieii fnmaponding in tils are aent as acknowledgment* of ma-tp£*. 

About l.OflO number* wore tor* :lihI 705 Mipphtd. 

The reference room and the reading roem T the pitEOc-edlng* and transaction* of 
learned socictire being in the former and t hr- scientific pmodlenlH In the latter, have 
In-on u*vd not only by Like naff of the frinthsnuiiin Institution. Imi by many other 
detriment* of the ftoveratnwik In the reading room alone periodical* and 

25 iNjnnd volumes were withdrawn for consultation. 

The sectional library at the National Eoolngiunl Park bo* been added in, ami the 
roller I ion in growing in imporbuietL 

In the InstituLioEk them are maintained, ljwirh-s the Secretary V library, Hie afire 
I i 1 Ltary, t he employ | i ] miry, t h roe sect! anal I it i rarity Aer^In n m f atomntJ i -nal 
Exchange*, ami Law Reference, 

In lhe Aplrophyrical fihwvntory alUaitEun Ibeu* been given to the sets of period¬ 
ical*. These were- gnut over, miming |iart» ordered, and 46 volume* i«mml. 

The kmipky^ library ha* inereastn;! irk popularity, and during August I up! n 
bmjii-h extension wst- made to iho Zoological Park. Tike lnw>b* are placed In tin 
upright Lm>k mode for ihe purjuw, with a capacity of 40 volume*, and sent nut once 
a muntin The library now cootob» 1,570 volume and dEiriikg the year 3,37S l-nnk* 
were burrowed. 

Tike 1il>ruriuEk having, with the permission of tlir fre retire, relim pushed bis 
linn ig fustndian of ihu RuuthHonlan dejmrit nl the Library of tVaigri^, to nuidtT 
paaedhie: hi* attention to ^irtsaliidntice oab&U" of the hiHliEntlnu, Mr. Paul Enrkell 
wu* an April 1, HWVi, appalls led awMhui .1 librarian id the Ruiitlisoiiinn hiFtihilimi 
am I m>t»MliJkik of I he Smilhaotiian ileprail. 

V|r. Rnxkelt will attend to malteia relating to the ^fmv ttkmnlaii Instituttan 
library and the Instiintiini'a LnUreeb* ul the libra r> r of (iingm-- I hiring the few 
month* he hsis bmn in th* library he han made hiiiawlf familiar with the vmrionfl 
detallH of the rtfllcaand the Rmittisoniiui rttpovit. 

Party in Nuviyober, IW1. t>n. John WnttadoIVy^erprewmTedio the Instil lit hm hi^ 
Eiiagnbieent cnilectjua of l^wksand jjainphti^ relating toNapolean BcmacwtOf lobe 
known o* tire "Walls de I'eynU r CoHectlbo, Napdimn BotuparUv" It U a very 
compli?t*i op?, eontaiuii^ books f mku oil couii trios and In nil bogn^m In it 1 have 
noticed many mre volnmes, am I the vdoatioii nf $10,000, put upon it by Oouentl dv. 
Peynter, I think very low, fora number of the t**i>k* were long iigo oat of print ami 
have now n^ehtd the point where no prUvr * an \m put apoit them. There have 
been received thmi tJi.-nerd de Pfeystor marly 2 r 000 vtiLuuies), which are now in tern- 
[nifary hut the number of books lias-n] [grown the *imiw provided, A miming 
lint has hecn made nod sent to lienerql de iVy-n-r for his information* and ill si 
very mrly sug^^tioiis for the fwnnarvent ran^ anri the making of a Lard i*ia- 
kigue of Ihia eolht-tiim will l>t* preeentud for your con&demtion. 

the art room ha* rereived conriderahle nUcntion p ami, in accordaiico with the Sac- 
ntorfmiru h F the ooUwtlnn of photographs repreaeniattvo porfraits by the old 
wurtvr* bw n tnni^l from tho Buffalo EviKisitiim and hung upon the wuJhln 
chronological mtte. The .|U^1Ifem uf extending the Parthourm frieze mound the 
entire room lias token up and it is hoped that it wiU U* in place during the 
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With the allotment frocii the Sanhlusmian Institution funds for the nnuiitenunct 1 
of thy International Ciilahigiae of Scientific Literature, a regional bureau has been 
and the work carried on. The temporary provision f^r ihe coming year 
will waroitit only the eoiployrocail of the same force, which i* entirely inadc'inare 
to properly care for the nuitieroctfl duti*» 5 r» [ h.^ L A Finn ■>! At least $10,090 per 
rtfinttiri U needed for the United States Regional Bureau, and It if hoped that Congress 
will, now tlrnt [he jmMii-atlijii is actually k^iu^ appropriate the nacmm ry funds for 
[ho representation of Ihe United Slarc* in am nudiirtaking which will render iiE-l to 
M bmnehui of mrienttfie leanihig tfmiughout the muntry. 

The work done for lb yimr ending June livi?, is 111 brief us follow*: f 1 & Tlio 
general orgHniration of a regional bureau, ineludinj* mmm of n>ll«cfblg and dinpoet- 
mfr of all scientific matter published in the United ( 2 ) pinking 4 list of the 

periodieukiof llito United Siaten ifiiiiing within tlae mipe uf the utahgpM; {ii\ pro- 
poring and rFsu*^ Eying index referetira *]i|* to tfiw eciontifle pt)b|U*tit»&x of 11H>1 and 
forwarding lht*» riigo to the Unidoti CVnfnal Rurvfttt The sli|m forwarded up In 
June 30, 190l P mmitk-r la.tMX*. The lirnt two volume* of the International Uhtnk^ue 
f.f Sdontifie LiEteratun*for IWl have appeared. They are: Rolan y* Part I, of 1901, 
and Chi'mifllry, I’ftrl I, of 1901, and were pub! wilt'd in May and June of lie- present 
yonr. 

The crowded condition of the National Museum library has Iteen relieved by the 
addition of snlleriiv in two of the luilLw of the Museum budding Thicontain n 
total floor ^pftce of 2*892 rtpian* lech During the coming year the entire furies of 
scientific pLihliaations will ba namuiud, tlmjriiicn^iEigtlieUHduIni'^ of the Ifchmry, 
The file? of jw. k riwlicah have tarn grmv tiwr a aid ttra missing mimbertf obtained* 
Owing to the small force, this tins Iws-n dune at odd times when the regular work 
would allow, amt ha* resulted In the rctnpletmg of 21 of the 1 EWI set* csauiinish 
Tin* aei'eK^iuiL- number it tola I of ]0,h53 Ixmikii, | aim pit lets, nod periodicals, of 
which $,JE 0 fi were a portlum of the Smithsonian deposit; 13,149 In^ks were ImittowisL 
The isumlNT nf |M'rimlMtiJjs entered wels W,i! 97 T and cards wy re added to the 

Authors 1 CmaJpipie of the AIitM-mai Ulprory. TIiih East nol im-ludo H however, 
IplIDh mnts f^r aaid [^ma|dilem rocntdtGgue<h 

The zk-viiomit lilrmrit-^ i^tahllslu**! In the Mnseom are ns follows: 


Adininigtxitifitt* 

Adtaa eoIhI rative dsristiilLl. 
.V[itlire|H ilocy. 

Riohtgy f 

Hirda 

Botany. 

Children^ nioni. 

Cknnpa rati ve aiiwtuniy. 
HtOr. 

Ethnology. 

Eespootiully Hnibuiitlisi. 


Fisha's. 

1 , ieolotfv. 

Hhrtory. 

Insi'ets. 

Msnmtik 

Mari Eie iiaVertebnlU'H. 
Materia iiaodir^ 
Mewwie h^ils. 
Minenilogy- 
VhjSlnsks. 


orieiual anducekgy, 

ftdeobot&ny* 

thinwites. 

Photography. 

1 s n-l list * vne am hn i|mlogy. 
Reptiles. 

St rut urmphie | aihN mu ll I vy r 

^QporintojnhraF 

Tmchlurmy. 

Tochnolugy # 

t’vicl'rt AhJ.J;i[ p lAttntriiru. 


^lr + l a , lf.iMil.Ki, 

t S mvlarpuf ihr S?uilhwtr\itm /jrtifttfitiii. 
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KEPOKT OF THE EDITOR 

4a n; 1 LkZL v't, 1 ' the honor to Hiihmit the follow mg report on the publication of the 
Smithsonian fagtimttah and it* UireuuH during the yenr end mg Jam rtO, llKE, 

t. riiimiStiXIAK CQNTKI B OTIOSE Tii KNOWLKDOK. 

IftKb Hodgkin* fund. lisiH'nm^ilH with Ionized Air, hv Carl Hara^ Ib^nril 
pretonirof phyisto in Hrwn nnivenHly, City of Washington: PidriiHhrd hy the 
SmilhKusnm Institution,. IWI, Quarto, l^i ■ t+5. 

WL kxpcrimenbi in Aerodynamic*, by B, F. Ijiugley. Swwiul cdillnu. (Flret 
edititm pohlMcd in 1891.) City of Ws-dliiigtari; Published by si lg- KnUtlwonian 
Inrtftutimi, Quarto, Pugc- lE-Htn, with Plato 1-X2L 

El, MSsCRE E.A^fQOrh COLLBlT 

t 

Vlffl. List of Olh'erratorto. City of W&phhig'Eor: Published by the Simth-onimi 
Iruftitotfam, 1W2- 0dam Pages 4ft. 

1312, hides To lie- Literature of the HpGrtifjrt*>j«- i 1847-1000,, both inclusive) 
[continuation of the previous index by the same author published in I £84], by 
Alfred Torkennsn. Washington City: Published by the Smithsonian Institution, 
IlHt'j. tkrliivii Vv^+UL ■ 373, Thin miles i* brought Uj the end of the year HUTC), 
itftef whk-h dsitS the Inletnaiioiisd Committee for Indexing Scientific Lilcniiure 
begins the cniiimualKm of the Work of rstalogutng 0 ptH-tn*cojfy + 

1313. A HildingnipSiy of the Analytics! Chemistry of MHiqp.nr*c, 1784-1SKO, hy 
Henry \\ Th,I1h>I ami John W, brown. City of Washington: Published hi- ihe 
Snutlisuiitn Institution, 100(2. Octavo. Pager vm ]24, 

1174. Sruitln-Mriijiu MiscridkEicous Odleitious. Vbl, XU. City of Washington: 
PnIilishenI Iiy t he Sfilithailnlau 1 nstitnti m r It HTI. I taravn. Iy1 tafl, 

rpjCTKETW. 

IniJi-i tn lli>" Llmrannv of TlmlUnni, IWI-UWG, By Muilm lAms, Wuhli^tnn, |.t». {Nun tar 

Iih!t*s tn Ihv LUemtUftt vt ZEiwtiiuiu, by A. I-ftnpuiulr nnU rhv]« HrtHfccrtftl*, WucMrigcou. 
lfl». (H’limk-r ilTi) 

A Relrtft IEEbh«sjm|hliy of t'liominirj. U¥2-J*!I7 r hy ETmiifv CartingUm |h-!r. e sviUIehi vi||, Aca- 
ikmli- nUM *aUrKi« Wikbloxliti, 1UI, i tf lunber IWd 

E)n the Cbcaiw* Ponn uf f LjilSh Mf & l h . Utofhry heuI F. W, Vary- W^hiiiirlfm nn| ■ Number 
I3TJI > 

UH eU Ol in- mlt-riio. Wvliin^ *h, 1M* i Nlltntor USD.) 

ladvi to Um* UfaMuiv tif Hip Sprtunirc JKV7 -HjlXi, u- Alf^l TtKJt<miua, W^Mnaion 1002 
(y Itbktor tffUL k 

A HOiliuirniJiht-.it tb» Amtrtiml Cl.rtnirtrrc! JJa[ijin.L«s r lThS-Lmo. i,y Ifenrt l‘. TktbotudJahn 
H. Hnnn. Wd»liiB»tuh. I9te (Ntunbw till.) 

f;h « nli “ l 6“*"«“ "E 'I’*' SitmMntfc Cwitoy, b t iTunrj (’jirriimlat. h uhliietoit laa, 

i^U_h 

III. EHFTBjgORUX AJySTTAL ftETOfcTS, 

Tin numinl rep^Tt is in twnrununrtdumta, mte.luvniod k»tbe Iwiitotinn ronpcr 
Eilid (In* nJln-r I" (In? X:il i« 111 ;i I Mnst'UIn, The 8 mil I lh ill inn fi.r l!NJ<l u-ni 

anutiuBcl in the latt report .,f H.l- alitor; the volume for 1001 w« in tvjK'. thoueh 
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Ibo praasmwk, with the f^^ption of the Secretary'a Report, uj^ not rotnpM^l at 
tins eh*ie of the fkral year. The contents of Ehe 1901 rv]K>rl nnj su; follows: 

13I5 r Journal of Prnceedinga of the Board of Begem .4 of tho Siuith^nniiLU TiiHlilH'- 
Hon, report «f cxet'otiva committee, act* nisJ n^'hitinnfl 'if {Vngrfw, Emm the 
FiTijihHoman Rc|x>rt f^r Jlw*l F juigi* juii-umi, Warthlfigton: t lov^miiwnt Printing 
OflW, 1902. Chrtuvo, 

1311. Ue|Nhrt of S. P Langley, St-ciiwy nf the Smiths' hi ion Institution, for the 
year eiiriiiigJime 311, IflOL Washington: Government Printing Office, 1WIL Mt-lavo. 
Pagi* v i Mu. with E:t piuiiw. 

13JU. The SmllliTinian InNtlhitiom Fncii the Smithraiiifiir Ltupurl ft* 1991, |aigi-H 
l 15- 15 1 k w if h I "IjjiI v& t - V J, Wash is ly n in; * jo vothi i tent Prim lug itffiif, I in tt. t M:i vi k r 

1317. Some itm?nt Astnni-inuftil Evenly by C. tS. Ahlwit. Fnmi the SnilGhMonfaii 
Report fur 19<i 1 b 153-1B9 P with PlaUv I-YL Wstniimuiork: i So vermin* at l'*riiit- 

Ihg Oilin', UNl2. Octavo. 

ISIS. A MikIo] of NfttnnOp hy Arthur W. Kftefcer, Fmni the SmUhaO nigi i lu*|mrt 
|nr l^rt, page* 171-191. WA^hington: timomsm'nt Printing ftifiee,, 1902. Octavo, 

1310, A CetiUny + if tin? Study of If OUvtir C, Farrington. From 

thn! Smithsonian Re]w>rt for 1901* pauiii 193-197. Government Print¬ 

ing Office, 1902. Octavo, 

I Till. Hwenl Studies in liravitetum, hy J-jn-t. John M. Poynting, From the 
Siijith^iEikn Rejsurt for 1901, page** 199-214. Washington: Govenitmtut Printing 
Office, 1902. Octavo, 

11523. On Ether and Gravitational Matter through Infinite 8pure„ by Kelvin. 
From the ftmitluoniim Report fur IP01 p 215-230, WiiHhingtoii: (iovemtiient 

Printing * Hfice, 1992. Octavo. 

1-122. fhi Bisiliiv Smaller than Atotu;*, by Pnd, J. J, Thnm^ou. From the Smith- 
Foniun Report h>r 1903, piiin^ 231-243. Wnsliingiiiii l Government Prisicioo Ofltn^ 
1902. f Kin VO. 

IJ2U. The Exploration of the Atmosphere at Sea by Means of Kin^r, hy A. Ijjlw- 
Tenas Butrin From the Smithsonian Report for 1901, \*ui**m 245-2*19. with PLiu^ 
E. II. Washington: Government Printing Office, 1902. Octavo. 

1324. Hal it 1 F Eydn igvik, Uy J]imcs Dewar. Fmm the imrithrtiminii Report f^r iflOl, 
pcigi^ 251-291, WsisIkinpEori: t irsvemTiivnt Printing 0fHi^ llKi2. (Klavo. 

1320. V 1 i Wri ng t In« SiinN Elkk 1 tyy r hy 1!. 1 1 h *rt 11. TI Hirst -1 Ek Fnuti Ihi* SmEth^endiin 
Report fur 1901 t ]wkm^ SBS-sro* with Piute L Waahijigtoii: rtuvuroment Prisiting 
Office, 1WA Octavo, 

132(3. The New Rndilitiobe: fating Hay^anJ Hontgcii Rayh, bv A. Djwtrtv From 
tlsH L Smith- in.iy.iL Report fur 1991, jsiges 271-lKstL, WaHlii ngtoii: Guvrrtkmimt Printing 
Office, M02. Octavo. 

1327. WindeBH! Tetvgmp1iy p hy Signor G. MarronL Fstupe the NniUhvoniaii Hcpoit 
fur ltt0L ± 1^57-29S. with Plate L Wiy^il^oii: linvi^rmnent Printing Oifiti', 

1902. 4 Mtiivej. 

1325. TnuiwEUmtioTs^leptksmbig, 3*y Willimu A. Anthony. Fnnn the Smith*'nlais 
Report for 1901 p puge^ 290^300, with Platen I, II. iVaehirigtoiL: Goverunieiil Prirst- 
ing Olllcep 1902. Octavo. 

Ri29, The Tetephmii.igniph t by WiilLtusi J. Hasunier. Frrnrj the ^mithfionian 
Rcpnrt kit pgigt^i ^37-312. wstli Plal-ud I, II. lVaalungton: GovemRient Printing 
Ofliee, 10OS4 Octavo. 

\ :^.K Color Photography p hy Sir AVill irtm ,P. Ilerwhel. Fnun the Smithson inn 
Refiart lor 1 I, | itiaii^ 313-31 ti p wit h I’olored plates 1-1 El. Wa*h ltluI^ss : t St>vemmeet 
Printing Office, 11*92. (k-tai'o, 

KISS. History nf t'JinpisMjkliotiii r ru[.i}ky. hy Or. J. Mjm-y Flwm the Smtth^mkix 
Report f«>r 1901, pitgeH 317-340, with Fktc# 1-IX. WuhbgUiTi. * ioverninoEit Print- 
lE^Oi^m Octavo. 
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12 M&. Thu Aims of eIm- National Phy^ml laboratory of im>ut Britain, by E. T, 

I ■ btMdin h* k. From Ehe Rmilbnoiiiiiii HU&jh -rt for 1901 F :til~3&7 p ^\ih Plait# 

I r II. Washington: Government IMftlittg Office* lINFA 4 Hiavo. 

]X$L Fmigrum JSianmtnJj hi Amedeo* by Will hum Herbert Huhfc*. Fmui the 
^itiith«m|axi Itepori for lH01 k pngfcs 3£&^m with Plato* I-ITL WMbiogton: Gov¬ 
ern inunt Printlng i )ffire r 1IN t tetavi> F 

l:£WL ftwwbr Vnlduuwt, hy V. Hart Merrmin. From the Fmitli^uiuiu Report 
for I £N pj „ 3tii-37& b wilh Pinion I -11 E _ Wushmgtnti: i bivernfttent Printing 

iWn\ ttiftL Uctov* 


The Autanrtir Voyage of I tin - Brigha during the™ Year* 1KP7, isetfif, and ishsi, 
by lli-nryk A relm*-kb From the Smithsminn liejM.n for H-h. 91 , pn^S77 ?#x a u ^ h 
Plain* J VI I r Washington^ Government Printing Oflh\% 19Q&. 

The Sea in the Life of tlm KufioiiH, by .V!fnil Ki rebuff Kmui ihe Smith- 
»>»inu He|Nhrt for ]*m r jogc* riKh-^iU, Wiwtringtnn: GovortmiuiLl Printing Office, 
PNrj. OeUvn. 

1337. Foreat DeptrErctioo, by Gifford Hndioi ion] & Hart Merrtnm. From the 
HixiLlhrt.nism Report fur i90l f pages '101—MB, with Pjnti^ ]-IV, Washington: Gov¬ 
ernment Printing OfDii?, Irtrj. Octavo. 

133A. Irrigation* by F. ft, NnwolJ. From tin* Snrithttiiiun [frj«ir[ fnr 1901. pages 

4Df-4&3^ With ] h LllI^ [All, lYnhliiiiiiinit: Government Printing Offiw. ] 

OHmo, 

133», Tins Faliue "i Mim^ by Arthur J. Evnmr. From the Stidthwnttn Report 
For HM)I r pagiw -l£5—|37 + wilh piates 1-YlIL Washington: iLiyeminent Printing 
Office, itativn. 

PH»>. The Engraved Pictitira of the G ratio of [j* loathe, Ifarrdugtie, Frajin? t hy 
M. Emile Riviera, From the Smith-oman Report Jur 1M1, pap* 4&M-I& Wmh- 
login ns: i i ovemnLfii l Print! ng l Hlli v, 1 WJ, i Kafclivci r 

PiiL The ihlinrl of Primitive Mail, by Fran* Rum*, From the SmlriiemiinH Report 
fur li»l, | ■ - l j_ri w 4&1-4W). Weahlflgloii: Government Printing |90^ iVtavn, 
l;U2. T flips of the A En-Lsrfiwa I mlbrno A Study in l^yihology Hill! JnvrlitiCu;, by 
Ot\n T, Ynnn iln^ Smithsmkn Ei^jHirt f^r linn h with Plitte L 

Wasfiiogtuli; I rniTnnm*nE, Printing I Hlhv, 1 kHri. I N’t*Vo, 


•Arte, by VV. iJ r Holmes. 
U'nr-hi iJgton: t itivrrninvnt 


|:G:P The Ahliott I’ollet^tion from the AmLaji&ui Hy IJ^m. w. E. Kaffnrd^ 

f. K. Navy. From the Smith^-muri Ei^pnrt 1ML with fMati^ 

i-VL tVa^hingtiw; ■■NVi-nmnnil JTiuting Otlhe, Itl02. CkHmvo. 

13I4> The I>i-velo|prnt rit of tllmninatiori r hy Waller llmigh, From Hie Smiih^N 
nimi Rejiori for ISSH P dftWiOO,, witli ITaltv 1. IL WiisJjingtofii ficwerftnMnt 
iTintiritf l Niki?, 1 iM'io. c irtuvo. 

Ki45, Hniur «if Deveio^nletit of the Pritiihl Shapiojf 
PVilil the Ftuitk-enimi lti-|jiirr for iflOL, WVl—6I:t. 

Printing l>lflri- r lutlii IVEnvo, 

l::w Buoaienuijn l.v cilhi-rt T. Walle r. From tlic fimitluHoiim Report f,. r 
* 901 , |WH a 15 - 6 * 21 . Washington; iivvmmoi i I ‘ri rating * HE re, ] 1 n r_>. < » (1nv .. 

v.u,. Tlu* r««ible Impn.vriHWittbe Hitman IW,| un,] (T H.* R^laHii & < „mU. 
t i. .11 if I Jttt »1 1 . 1 Son dm I<ni, I ty IV.in.ii- < in 1u>n. Fn mi t lit- j?! n i (1 lM , n l U i, , n /, , T 
*901. I w ■* KfiWflS. WimhlnsUm: ( Vv.-nmtim 11 -ri u t i Hjr i >Hi .v, ) < i,-i„ v ,, 

lS4ff - Tlu * l ir ' Wnlt (Vr ' 1J „ n > in 1iy8. I>. Uodi-v. Fn.w the 

o*“ K ”! ,,,rt ,,ni - w* saa-m t witli r-m. Wwitiimt™: (imnamn 

Printing(- n \'A Ih tavo, 

Th.- Katort-, l*t s I* From the ^„id*idrt. Report W 

UM *» W m>liliij!t.m: i.. ittfio-, is**. Octavo. 

i,v,a*. Hi.- ( £ ttoom in tin. Smhhamian limdtndot). I»v Vtlvrt B&setow 

l-am-. tmnthe Mnitiuopuin lioporl f„r l!*)l. vi|tt. Plai« l-\ v 

!whmatim: tinvcmumiit I’rintir^ Ollin-, li**. (Ktavc*. 
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131H. Sail mtd itH rhyijioliip.!Hl Ihws, liy -M. A. Ihuatro- From 0|ij Smith;* miim 
Rflpcrt f{tr I IHU r |«agvfl A01-&74- WiiedinLLmm: tk^enmieiit Printing t HJhi*. 100*2. 
Octavo. 

ISAS'. Btuitos-JHiniont Circling the Eiffel Tower In an Air S3ll(\ by Eugene P, 
LyU\ jr. From the Smithsonian Report for lWl r pigiv A75-9bS, with Pinto l-X. 
WiL-hiJigi^nr i iuvemment Printing Office, ]WL Octavo. 
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Oetuvo. 

Ptne. 1272. DfH-rtptiitnH '«f New IhH3i|*4CniebuftoiiiH fromthe West tW«l of North 
A.imrii'ib, by Mary J Kathbun- From (ViHt'oHup- <»f the UhHwl Stni^ Nnttoimt 
Mu-^iicn, VoL X X I V, HS-%-ikiTt. U'jinhiii^-ri: £ Sovenmieni Printing iUlhv,\ft¥L 

I If tJIVi v 

Proe. 1S79L \ Newly Found MVtMriio from Vdiniro, Lynn Codnty, K;s]isl-= ( U_v 
si^.r^e V. Mi-rritl. Fmal the \*I > nwKnp of thi- VllUol Xuttiiliul MlI^ UIh. 

V..L XXtVp ‘NIC Lii;t, with rUiit-n 1.-LVI. Wuphhidmi: liovemEmnit Printing 
Offlif, t Wfl Octave 

|*n J. 1 - L274. Ttw? X«-w r rtifrbt from the^owlhuni t r nitnl hy 

filjBir A. Mi'lini?, Fmii! the I 'h liups c«f 111 I nth^L Nil tin dial \1 iihlUBI, 

VmI. xxrv p |*|tt'nsnfl^^ WutiinRton: Ifovi rainfflit Printlii-- * uruv. Uhrl i tehivn. 

I liriH-'fJaiPh- Emt Frotnirtii^ ^tmly 8(M»cluieiw SiunIJ MiiJirmn-U, bv iMarrtt K Miller, 
)r., nmltnri iMviiitPii af itummuil" I'art N of BiilletEii *if ihe 1 ni it * I St:ilr> 

Saiiflwll Muwfam, No. sw. StH-md •'dUfoti, rovin-l. *ilJi ifl^tni- t.i in l^mnn. 
Froneh, und ^pubtu Waaliiijjffc&n: i.iovemmrtlt Prinliiij: ollio 1 , 190-1- lic-tuvOp 
wigra 2->. 

for Fuller tor- of Aim Timn Ruaketry. by Otb T. Ml^hi. etiruUir P divtsniij 
of eihiml^y. Purl P of Bulletin of (ho Pnite-l XmitHMi MuheUM, 30. 

\V lskI i inutoi!: Gevonimeot iViulinji OlHiv, 1#n2. Gitavo H ■!! ■ 

Hulleiiti of the rniimtNat^ NutioiuiJ Mu-etim. rH>. The Hinb of North tnul 
Mi< Idle Ameriilip by Robert Rid^wny. nimlor t divtson of binls Piirl 1 Wiwhmp- 
tun: iiovertiiiLunt Mntinic Otlkr, ISNll. tMavo, |«u^s ‘IS, with aft plat^ 
Bulletin of thoUnit^i Netlonul Nu. Si. A Hrt ot the PUL blfcyfa omi 

of the United Stnun NttlEomil Hnecum, by Rumioliib I. Gewv, elm-f nf r(irnH(wmb 
eiu*e msd doeume^te. VVrttihtegton: Govaramwit Priutlr^ OJihv. m2. Oetavo, 

VEI- 1 tfltf. 

Vl rtrmCATlOW OF TfIK .wTHOI'RlHlr-tli oHHEBV lHOBY, 

A wi-imil edition nf VoIobm? 1 of tSi Aniwb of the Asimphymcal UbHinwtory 
wus nriniivl during Uw vear frmu ilie stereotype pbtiw m* wmifrl f«r ihe Colluwinjs 
Senate ilnoomcut. of wh'i. li it fonm'd it jwt: Ww-nahmi Sf... 20, t iily^Vi.mth 

Congn-^, flr*t Iteport of Uho Soaetery of the K.iimijwoiiin liuftltOtten of 
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ill 1 al>|nni-ruiti-ihEiH heretofore et|H'ndc«l by tbe Antrophyrnvat (Ibserviiftry, nvnlta 
rejirlied, .LIHh prt^iit condition of I he Work. In nspunsM to Senate reft >lllf tell of 
Fid injury 25, UK)]. Washing us i: Government Printing Office, I0(f‘A tpmrK 
KXtHH-3^i with 44 plates, 

vi. remMC'aTfON* **v tub MKui m nMKicn as: wjw&m&a\\ 

Eighteenth Annual ltepirt of the bureau *4 American Ethnology to the ^retiuy 
of tie SkKlith$oni>El TntititttlioJiH lSIUWii. By J, VV. Pnwril, Ihrwtor. Ill two 
part* Part IE Washington: 4-in wiih tent Printing Office^ \M*K Imperial m-laicii 
Jip, 52L-M*7 + with i\7 plate*. fWnil,v Indian l^nd IV^iohH in tile United StAtw, 
I'uinpiW by UharW 4 J . Uoyce, with an in traduction by Gym* ThouiAR 

The separate j*|nu*of Part I of the Nineteenth Annual Report wt-n- revived from 
the printer and dL«trihuN*d Udocv the elo-e of the li*rul year, but the bound volume 
war* not completed, Tlie two jott* of thi* report eupnprirei the fallowing papers: 

Re|*irt of the Director, page- 4 xi-xrit. frontispiece. 

Myths of the Cherokee, by Jfliiw Muoney, page* ft->+H r plate- i-.u, tl&ir& 1-2. 

Tujtavsu Mstratiins Tniditkim‘ t by J. W. Fewke*, |<ige*s 57ft-0S+- 

tjifftHnirifln of Tii*uyjUi ClAUB, by Omsuh* MImlt*lttff + page^ tf&T-fKift, IIIAte* \ \i- 
JCXititt %nre ft. 

MuUIuLm in Northern IlmnluTtLS hy ThuijLiw I faun, jwigiT* ASS-Ol^^ j plated xxix- 
XXX13, attires 4-7. 

May tin t 'uiesuhir System*, by t'vrns Thamax, page-* 4ln:f-slu. phth-* te.-xjjv, Hjj- 
unee i-'It 

Primitive Numlvre, by \V J Mrilw, pages 8&L-&5L 

Nin i Lend Syntems of Mexico and tVntml America, hy (Tynan Thomas page* 
figures 23MJ. 

XttHiyaii Flute and Snake 4 Vrvfci]Oliien f by J. W. Fewfcu* t JtfigCT- W57-1DL1, ptak* 
VLV-UCVp %imv fj—HI. 

The Wild Ittee GathererH of the Ilpiwr Ixtki^ hy a. E. Junks, imps IftbbdlS?, 

plates pcvi-mix, figure* 47-is. 

Bulletin 2& Kalhkmet Text*, From Biwia Washington: Government Prim¬ 
ing 1'Utire, WL iksfetvop pages 2&t g with J pinto. 

VIJ. I-E'ULICATiri>> 11K -1 >IFJlLCaX mtfTOBh^L AfWJI I ATIOrS. 

The Annual Report *>f the American Historical A^oeiatmis for the year Mn was 
rent to I lie frrinter towwl the e3i^^- of tin- fin'id year, Lilul Inofi of j[ way in tyjai 

before Jttne 3^- Tin- report In two \olnmt» p with the following intents: 

l; Hcpurl. of PiwhiIs nif of ItevuiiUtenlh AilulihI Nfeetiisg sit Wndhlngton, 
D. C\, December 27^11;, 1TO1 P hy ('harlea H. Ih^kina, eorr^)[HJinUiif reerelory : ; An 
l>ikrJ^vefopei1 Fnnetion, Imnsuiind addn-N by Fktisident Charles Fmnds A.liiiu*; 
Tlo- Ma^i-hnw Li* Ihiblie Ei^ml ('onimMun ami it* lVorh: p by Pobert T Swim; 
The th4mion of the National Library to IliHorieuL Rv«cait-li in the United .Stale-, 
by Herbert 1 hitnnn^ Libmriaxi of Congress; Ttie Handemliibuis of New l.ngltuid, by 
Pmf, Williston Walker; Jahio* AtndisHm atitL Itidi^ioLiH Liberty, hy tlaillani Ihml; 
The nifonology of thr Efuaimu- U-tu-r^ by Prof. Kphrnim Emerton; Coil 

Tyler, by F*o£ George L. Harr: Herbert 11. AdaniN, by Prof. John >L Vineent; 
AfnrytuUDuiV Piret Oonrt* B by l>r. llermml C. Steiner; Suathwiviem HiKtory In the 
Southw^L by Pnjf. Genrpi' >' Garrison; roniiiutti^ of ( isrn^ponriemi- of tho 
American EaYulution, by Pr. fklwaof Ik rolling Jny f H Treaty and the Slave™ 
Intent of tlio United State 1 *, by Frederic Atnsiin Ctgg; Tin- la^Mativn History Jf 
Natnmbmiioik in the United States, 177tMm, hy F. CL Franklin; The Influent ol 
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Party u |kjjl LegtataiSen in England elshI Americft, by Prof. A. Lawrence tnwelE 
(wit 1 1 four diagram*); Loudon Coro fumy Reeorde r by Pivsident Lyon <J. Tyler; 
The Union between the Virginia Haunt am! the London Merchant, by Prof. 
J oil cl S. Index, 

Vtibims II: Georgia and Slum* Right*, prixe essay by Ulrich Bonnell Phillips; 
Report of the Hihlic Archie 

vm vAnoxAr. nocunr of tiik oai-oiiteiis of the amvrkak ufroumoN, 

The fourth report r A the Sodety wuh received am! submitted to Ccfipen. 
Respectful! y snboti ti i*L 

A* Hofarip Clare, Editor. 

Mr. S. J\ Langley, 

SecrtSrtf# &mUhmmnm /Miffitfibn, 

Arum 1, 10O£. 
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REPORT OF THE REPRESENTATIVE I IF THE SMITHSONIAN INSTI¬ 
TUTION AND NATIONAL MTFEUM, PAN-AMERICAN EXPOSITION, 
BUFFALO, NEW YORK, MOL 

Flic: I law the hunor 1/^ubFiiif the following fi'|Hvrt 4 i|j till- I^ui-Arm'rh'aji Y.\\ h^- 
tmn, held at Buffalo, Ji r Y*. From May I F lflOI p to Xovendwr £* UNIS, fndiisfve; 

PartifSiuiUori in this* exposition by the ^niixha-nian Institution and National M umiim 
was providi* I Ft it in l he ad of Cr .uigmiH. approved March 3,1SEHK appropriating thi-Himi 
of fSQOjOOft for ei Government building and the f=uiii of $400,000 for a Government 
exhibit. Of the latter sum $60,000 wits allotied to tlm Institution and Musuiih and 
£2,500 was transferred from ihe allotment o I the IciUmtur Department for the Joint 
ptL-j-anitlcti tit a msiMr.itimmf the giggiitic extinct American reptile kdowti an TVs- 
Sulfttequently the Smliljwiiiiaft nUpitment was BaweBed SlpWO.Tfl for a gen¬ 
eral exhibit from ihe Philippine Islands in lie prepared nnder the supervision of a 
special cnqumiUce of Government brand, ami $200 wie* imnsdemd to ihe aEJoUiieni 
of the War Department The net Smithaoiuiiii allotment therefore, 

All the ib-jNMLiieiii’ii^ h hf ihe Institution were repirtwntt-d by separal® displays 
csitfjit the Itnrani of Amerintn Ethnology, which ETioperatcd with the Ik'firlmont 
nf AnlltropoLogy ill the NitioElfll M'lLH-mn. 

Tie -pa-ilktiH i rcsvemiiieiit bliUilinuiwiijrriwl to the Inetilittioii ami Muslim wan 
at sthi- northwest comer and compiind alwmt 7,500 wjittiv fwt t having a frontage on 
ihe main audit of alioiit 134 feet and u depth of od feet. 

S'f io net of t'on^n-' providing for Him < Fovermnent exhibit stspnkro-4 that is shnnii! 
i«-n 11 • i i " snel l ar l teh-- ami material an ILhwtratc the hmdimi and RdminiKtnllve 
faculty of the Government in lime *>f peua 1 nnd 4 * * tending to demonstrate 
1 1 ll- luiTiin* nf < >nr ici^iiiiuii uiH mill their adaptation so she waatx of the |H*riple T M 
Following Hunt the spiril of the kw, the e\lllNtH of the 1 HHt i t lllinn anil Mi eh 1 nek were 
pi;i eiE i- ■■ I iri show ihHr iind method^ of work, und a! She ^anie time (o indicate 
their rustmrevA 

In the can- - .j the Natmmd Museum Kieb tuple* vtirrv chosen for ill list ration us 
wep- germane i" the central idea nf the ex^i-iiion, ruuoely, a display of Ibe prod- 
tirt* nf ii ;iElire and the workfuf milfi in tin* Wintem Hemisphere The Muh'eiili on 
Lb in (Ntsygim, kti* provioutdy, prepared much larger exhihisn ihmi llu* other hurraus 
..f the Invitation. on un umit of it* peculiar huietiouH and which lit n u, 

participate extcrwively hi eriterprim^ of thin kind. The iiisphsyriof tln-oUier Imn-imn 

were nnv*fflrily hniiird, fertile . . toMicli pictun^ utodeksntMf puhFieatb>iiH 

an wmdd m'.txo in indlmte she material with which and the i omf itmnn nmler wbhdi 
their work L* carried on, and w^mc of the fen ill* n I their tutiviiim. 

rurmiaoNi as iKHfrmrpiOj< ?koi'oi. 

The work of the Smithsonian Iohdilnttcn mvm fields mom varied than i^ griter- 
ftlly Pupi-^1 It may N a snn>riH- io many to know th?it by the CongmsBional net 
.if Lie Foundation it IN devNlnd primarily to slrl and only K^^^mliinly To soiem*fc One 
of it* in ton^li-, which liw n..1 liiflicrto been preH-ntinl m a tHupow> r tx |x#ijtion , is 
the foNii-ring of art, Tn tropn^ on the mindi hkF the ptiblii: tin* fad tLal this ii a 

no 
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fe&tnrc of the vork of the Tnfffitiirion, two of rtrrndtietiflt^ of printing wen- 
exhibited, on* repratentm* the history of pointing and the wind the history of 
portraiture, These two important topks could be illustrated only ia outline on 
Jeenunt id limited I ml the senes indmlHl rc productions of a mr^idertihle 

number of the greatest patuting* and portraits of nil epochs and schooK 

In addition, the exhibit of the Institution IrwIudCfl a complete set of fia public*' 
liens and those of ita iKinwiiut; portraits nf the n^ijiriw; pern.uni tvliiv <pf Jnme* 
Smithson; a ru*t of the hronie tablet rm'-ntEy placed nm the buubnf Smithson ut 
irenon, Italy; a Copy of th^ sea] of t hf!- Iiutfluti-in; object & and iujmt- relating to 
the Hodgkin* fund, including publication^, medals and n i^rtmll uf the founder, 
Thnanajs G. flodgkiDS; two largo photographs of I he a 1 on Iron m of Secretary Lniii*- 
lev; a pktore of rhe Smith* .man building- and mpie* of tin- hi^tuiy of the Jii>t 
half 1 1 'iitnry of the SuiithsuBum ln>cibadoiL 

The exhibit uf the flirtLint ion wan install'd In the extreme north wv-t corner of 
the building ft wna a**jmbled t under tlie direction of the Seeretwry, by I ir. ftieluird 
liuihbim, Assistant Secretary, 

mntKAif of swfjw'\s rmxouKiw 

As already Fluted, this bureau made iiosepantle exhibit ut Ftuffido, hut ralperafrd 
with the department of uifhnopokgy of the National Museum, Dr. W .1 MHta-, 
of the tturau of American ElhnuWy, made on expedition tuS-mura. Mexico, f.. r the 
purpose of obtaining a irolUxtthut representing the art* of the Seri Indium On 
miitim-their eoLmtry, however, be found that the tribe wus exlenuinated. and he 
then turned his to the CVkyijui Indium*. from whom he obtained jtn Ern;m,ir- 

trnit collection. 

xatjoxal KiawcilvM, Pah a. 

The thief exhibit. uf the jmrk vta* cm elalmrate relief in*Kiel ilmwin# ihu to|n>- 
gmphlcai feature of tbe grounds and Ihe Inaitiim *4 the animal hoo^^. paddock*, 
ran^. unit This was snpplimentud by photographs of somo of the prind|«d 

houses mut i«f pklure^ne ;titntJL in the | Kirk _ 

HuaiLir op istrssAmiSAi e.\i uvsoi*, 

It will be appreciated that the work of the Horan U Exchange* ijm> n.»t lend itsolf 
to ex Id lit Mon by mataHzJ objects. Th^ exhibit at Buffalo rnit*i*ird mF:l of ( ■ovenn- 
ment puhlieotions such m am dblribiitM annually ulhcr ^uvermaerH* ihrmighrmt 
the wurJit, tmd a rt-rii'z+of phonographs showing the Jm^iW of Lhe nflirv^ uf tlic Rtmmi 
in Wnahingtau and the receipt noddispstdi of i if *rh , ntifw patdicalioniM. 

ASTItOini 1 H-N ‘A L i.' I^KPLV iTOttl ' f 

Thft exhibit id thii* Bnmni w r a^ selected and (netmn^i, under ih>- direction ui tin- 
Seoiituj of the Inst it Litton. 

Tbe principal object in thr exhibit wlv^ el pluiUi^rEiph of the infrw-nxl etui uf the 
.^>lar s]ieii.rtiiti 4 ahowing the wntk of the ObK-Fv<Uify cm this fora period «d 

V-atTr. Tli l» ] *\ i«ili e ar t'o LireiiI hp l c- I ■ ■ have a tenjflh ol EtlH>ut _ h o h-^-t, and 
was * I Lnplayed on the north wutJ. There hpjiImp exhibited a rerie^ of photographs 
id the solar eclipse, as observed nt U’ayni^lftiru. N- i\ 

In a fable rase near by wm Hiiown u copy n»f Tolnme J id the An^rtf^ t*fihr .l^j-ir- 
jthjffiptd Qb*&ral&ty r a new seHal publication eontalnlt^f the rt^ult^ of the work of 
the OtwrvaEory. The full curing uhjcit^ we o- nbn exhilhtn]: The laiUn]Leler f or 
eleitrie thermometer, an extnunely R'ciriitive in.^Eninient, thr lEtfention Ml 3fr, 

I jinitLey, iih^I in ineie^tirilig the bent nf the invisible ^^ajtrntK E) f the ran, the trm- 
peiuthrn id the stnra r elc,; photogrflplwof utlier iiistnnuenl^ ilmh| in the OWrvatorv, 
raeh tlie sidemita^ phuooantier, and spectmnietcr; photographs ot the arh-rior 
iiui I interior of the (^bsonitofn- IwiildingH m the Smithsonian groEinil^. 
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Jf*TtOifAi WUKBIIH. 

The exhibit ol the NaLifiriiil MutfttnU, as on previous tjrtasiorei* iM.-ciipled very 
much more tfpm-e than those of I ho oilier bureau- of the Ii^Unnmn. 

li wi* planned to show the scope anil methyls of the Mutttum and at the same 
rime lo inustmte st y fur s& iiniL'tinibU- wmir tnjiie getnume to the general idea of the 
eisiKw-ition implied in the name f^n-American. The three administrative deport- 
monte nude separate exhibits, but the liras of separation between the varimis mh- 
divisions in those dupartmenE* were not recognized in every Instance, 
fMptirtmnil of ATiJ’Anopoiopy*—The exhibit of this department nf the Museum was 
planned and prepared by Mr. W. H. Holmes, head < urator t assisted by the *tfentlfto 
staff. It occupied the *oath end of the Museum p[ ju<^. 

This exhibit was planned with the view of representing the various utarigiuttl 
peoples of America Lind the iiluIitlll] priKluvts of their aclivitirc. 

frrou/.i tif (re; Twelve of tln-^r groups were exhibited* each rvjPh^ntijig a 

futuLly i, tmm. woman* and children}, nnd each with an appropriate Helling, Indicating 
vertoeitf, art.*, and general environment. Many of Ehe figures wen- prepared «#[«*- 
Holly hir thin exposition by filled Beulptnra nud preporators, under the person*] 
direction of the head curator, and wore the J*est object* of tile kind the Miumum has 
ever exhibited. The iwu lurgcst groups—ihoee of the Greenland Eskimo and Ptota- 
go pi !i n£—occupied eases ll* lout tong und & feet wide, The oilier to gnjups weru 
Home what smaller. A complete lint is an fojbws: 1 1) North Greenland Eskimo; i”t 
I jt-tvri] E-kimo; Alaskan Eskimo; « 4 i Chitral hidnyi^ Alaska; (hi Hllpu Indiana, 
CaHiemlm i.tVi Sinus Indian* of the ftrent Plains f 7 i Navajo Indian- of the arid 
niricm of e3lc United Shu**; (Hi Emii Indian* of the arid regin ii; (p) t>K*ipo 
Indiana, Gottorn, Mexico; (10) Maya Quidi« Indians, fStiabuuuln; 1 11 1 a ZafMw 
Indian woman, Mexico* a Jhwra Indian mam asm] a Pirn Indian man, Itauil; (12) 
Tehnoldit Indians* Paitngimla, S*&. 2, and 13 wore not completed as family 
groups. 

Ihrftlmff group tfiijtirlx , — Tbir hvri<^ ■ i 3 nf thirteen iuode3** each a I* ml 4 iWt 

long ami 2 fret wide, rapriHentJiig the houses and i unbuilding* ii&d appurtenance 
occupied by a family nt communal gmop r The following i* a tint of those models: 
UjBmm houses of eIu- T->kink«>: |2> earth house of Ahudtan fclcimn; {"Ai 
dwellings of the northwest Indiana; {4i skin and Imrk rovured Imlgm of the 
MontfignaiH Indums, Utnuior; (h>} dwellings of the Sierra niggiT Indian*, f Hl tfomfit; 
(Ki *klu lof3g«^ of the threat Plains ImliAiiHp i 7 ) pmss honws rtf the Wfrhila [mfians 
of Indian Terri ion-- (b) earth lodges of the Pawnee Indians, Dakota; mm i-liff i]wi-]|- 
inpe jmlns], Arizona; HO) ami minlM.- houses of PUpugo liidian-, edd stv]e, 
Arizona: fin gms- and adobe houses of Pupago ItuHaiui, laEo forms; i 12) pESc dwell- 
ini^ of the Venexuchi irtlies; ( V4\ skin shcltrni of the Phta^oniaiia 
JSxhihii* HfaMrtilitig orrirffiV* nf dnririiiin nktriffirw.— Thtm- exhibits^ ihir- 

Uwii hi number, were designed its show the status of various American native ftwfh 
as t^puris CiUtore. The scries presented wen - fol 3ows t f I) Fs nMimki ng elj ^^mtu^- 
(2) In>wh and arrows; (») throwing niiek*; (4) hnrpigm^; f:,) water cruft; «(i) IwJ 
ktary-:; (7) woven falmcs; (H> pottery; (w) Bculpture; 130) pemonal^mAmurit n«k- 
1 in tobKxo pipes; (12) pktogtapliy flml w riting: i 13) musical inslmments 
These scries were shown in aumdnrd ^fuseuin uauee, f^-t long anrl 7 f w t high 
and rtxnprwd many hi uni ml ohpH-b' of iiu|»rtAnfo and g+'neml Intercot 

fJrpartmmivf TheexUliit of thMepartnieutof the Muwiitn uu* pkunwl 

mid piepaml by Dr, F. W True, head curator* with the m^lancaof the hiuH nf 
I bo diririous of marninale, bird*, repttli*. and fTshi^, 

Tim exhibit of tl>«m«partaM.-ol projwtH i„ Imrt.joi.y with rW gwit-raJ ih^me 
<rf * tMS *»!WrfUon m«1 <*!>■ AmeriMh nflimiO* »vw oxhihitni. a. - ]m ,v WUl i| IllllHvl 
only viettcbmlc mtoial* w^n- inrlml^i. Jn , t ntor to fill ^ in mH( „ m furil _. 
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powftrfi* nml b> i5iy.lt 11 I he aiDeciinn more Mi’nifliimt, email 
tiw .wut out to thin, t*)rtu liiL'-j. Khiridn, ami the Amazon River. The»u olifaitrcd 
wwmy Him elmraeleriutie apee-niica* not jireiiuu^Iy well mippvttmted in tin- MitHaini 
collect ione. The exhibit an a wlu.li- tvj invented viwy mikfaetorijy El w niQqtt impt i r- 
lanl h mtertvthm, and nttfurtire American vertebrate*, tioth lurfEe mid ittnaTl. 

Mrtmmfih ,— 1 Thu ndlm-dion of mammal* irtdtnkd <\u h Inme farms im the ne*vi,\ 
elk* miiHk ox, < ’bHIiThtui M-al, Kodi&k bear, wait, [mow, munahvt auainiata .-herm 
monnttun nk% A rtmrirk-mhle u Limiter of wore mounted eap-eLiilly 

far the itxjmad{inh t and repnvonted the fa^ cflfortj? *if mmlerii taxidermy, Several 
inij^rtant rtpdej ren'otly dt>-^Yrrnh Mic-li :l- IIil- I ibiemr l*>ar, Rndlak Stone 1 * 
slliajp* tde. + Wen* mi'll lik'd ill the exhibit. 

tariff Tim coniMi-jn «f birds Wuh the InryeHE mtIiv rl L-pluyed by (he depuluiOllh 
Hnrh htt^Q rhnmcTerisdir bird* a# the condor, wild turkey. whopping mum, c':U i- 
bimlii viiliiin^ etc., werv n |irt ^ mted hy exceedingly film specimen^ mounted in the 
vb fc ry lien| luaiiDiT. The Mnaltor birds included iiLimrroiip t pc n et* remarkable far 
their brilliant colony jns-tilinr Imlm*, nr grotesque farm, and aa d whole the N^rie* 
was ralcrtliiM to give the vi^ii-.r un excelk-iil Idea of I fie variety mid IxaLity nf the 
American bin! fauna it* a whole. Ait extensive colkctlpn of humming hinb\ mei 
exdttdvdy American Jnuuily, -how u in a Rpcviul tm- 

frr/H'p/ir* foUrrirAHow.—The collection id Eluw lw M clafcsre wiw much -mailer 

than the others jlh the Museum had lie roii*Lderahle exhibition *ericp ready at baud 
to draw ujmii T and to obtain hu (table TuaEerial within a specified tin lc bo matter of 
ll 1 u gn-ai ivl di HhuS E y, Tin -11 lei u Ut u f s^i ti table njn?dmem final ly ohbuited^ In ‘WeVtr, 
lifiVod lirn-Htrr than ixmlil Iki aceonuiHin the fnmll wlilrh it geeuuftl 

jii-Liifi-nt at the Miiteei <d thoeEiirrpmr eo jallm b< three two elaaee% which njhu'i- aii 
at Ebi fc kM moment -Fill further mlmi-d to proviile the nen>sary mi^U* nxnu. Sqaio 
mu L h n-nmrknble fnmirt itH ihe maia-nuita toitohie mmd the lnrkn fc Airliwn Riv+ir u>r- 
loiw f thon|th muly fur exhihitEnti, were finally crowded ueiI. 

The exhibit itidudid the more iii^>ortojit Ainenean and nonfM^motu 

Ni3sikre, various fuatli-water nrnl land ha-toiflre, ulMHu-teiblir Jimnlr. inehaliug tb« 
Iwr^i' rtilum 1 ^eieiI]h h ami a few tovK fn^>. ^nlamsuider?4. atof cilher atupbrliiiiri^. 

Aidook I fie kuyi^t *|n'i’itneiiH wm a. torEoise known u± tbe nlhpUor minpper, wbieh \n 
tbe laurel of Anmrbmi fn^h^wnter Eurloi^ and si ivnufttHctor. 

Tin' cnlleetino of Antk-rkiin wjih in lEmv dirwidw: (31 A yeueral 

n ’Her id tuinled i-ieiin-d rliAtitcteriFlir marine aim I fn^b-w:iter r* \ a «.-rte^of 

uniliirHjdnkl marinefiahe*from Key We^t; Fla,, prcwmrftl in formalin; arnl 1 Ji 1 a eerW 
n«f the iUEire of the Amazon River, n\w> pmen'^l in formalin. Tile eolkHdion 
im-Med the \^l rartbH in the iitL^'inn |»>mianej>l H.«rit^_ H m ImpmeUiable tip 
ti]H'titLint the in 1l1-lu.il in thla |blare, blit the wrii-^ a* a whole WJtt ctMpOelaJly 

Htmng in important fmj-{ and pnltw GMieii of tbe lake* and riven* of North America, 
nrid -if tin- Atlantic ef^t. ami charaeteriEtie S' with Anieiinm E|iedt^. 

A n|hih ini exldbit ill tbi& ehL^ ei^hfipted of anenlnrpNl model nf a rb-markahje plme- 
phcjivflfxmt deejHiCft il-h r t-" Erattnlli-Hl that eIo l loiuinmai In tbe ridre annl the 
hmh'm-llke pfoluhcratH’e Oil thu heml « rft) liuude tik^libW Wk in life, 

Tlbbt null 1 b 1 ij:lI^ l‘ \ Ei i I li Ei h I liy I he Di'juriltielll of biology were lustnUeii in two Inruje 
wjiI I each Hi feet lonjr, lit t3n k ventvr of the Mnsenm apnee^ the flcbi 1 ^ in a 

hi tuitar Ntl nhnllow twe at the wret end, the biida in ei^ht standard Mil-^'llul ^door« 
He ns *n ^ tTt*rH, and the roplik^ nml Iiainu'hEfiBfl in four atnudani lH i-[rjpe-t<j|v' 1 
A iarj^i^ jirop.irlion of the h jss-imen* In u*y,h of the live i'Esl-ss^ wen- proidtltsf with 
ikts r H|tiive hilielH in iLiDmiidmiml buijpni^e, ~m which the habit* and inYtfpttphfcnl 
raiijTO of eaidi he kh -|^ eiled t fp* ilei■ t lii-^r w jih tither iteiiw at jgimeral interest. 

ftqmiimrxi of Hfnliuju, —The exhibit of Ihin ilqiartment ]i1anms| ami amiu^csl 
by I it. George T. Merrill, bud eurot^r, w ith the nm&WM nf ihe ataff. It 

occupied the nortli end of the Mnseutn Hfiooc- 


n\l l\m - & 
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RJtIMKT >'K THK SECRETARY. 


TIm* exhibit followed, as fur ns ulmniiKtanoiii Would permit, the lino "f lhr 
pcnimm*nt exhibition «rii* of ibe Museum- Ewli ilivWoii «l tin- department win* 
represented, and in addition ttn-re win bdmM Hfell-ifii«d pwloWtinii of ilu* xk*»len.ii 

of (tM* hHf£»' ISfimi A..-an tvptHe Tr ‘«ptpanxl »™l exhibited conjointly 

tv tin' MtiH'iiiii and line Coiled Siiihi* CiMtlnjjiniI 8«m\v. 

/j»ru<i«rj iff etolvj/ff.— Tb*> display mode by ttwp division comprised tlirr-e weeds, *!) 
a enllivtioii of mobs from tfm Hawaiian I.-lands, |2)»«‘iioof native element!., i 

a A'ritu nf <-nu l- rvt in mi rv Tiii; mllwtiwi ><f rwrkw, irhicli uTtijiiwl 

one «M' I consisted mainly "f eimeinieus nhtaiiied by (lit* United Shite* Exploring 
Expedition in UHO, Ih Mr, A. 11. Lyon in 1**, mid |W* t II. HitcWk in 
Tin* fork* **f the* isbufcbt mv till of ijimwinc ehamctcr, iwi'i't tin* titnolom^ of the 
i*o nil reefs a I mm tli* shore*, 

Til*' «fii¥ Ilf until e do nil'll I*, ■■omprised tie n 1 HiMit’ii, -'Ui'li ini Hnl|dlttl\ unwell LC, 
jtupl, v(r„ wbidliMrur in ut< untmiilMiiLtl stale in itii’ wwth’s crust. Thu full wriiv 
WUB ms follows: Carbon, sulphur, sttienlniii, telnriiiin, arsenic, ciutinmiiy, bismuth, 
pHd, diver, t-opper, lead, imn-nry, platinum, Sridnerndne i iridium whI osmium), ami 
iron. Thi*n.lln ti-rn wasInstalled in a |-wiai Md purtleulfir erne was taken 
with thi* details n( inoiintlni; to -m phasin' itefflipriflininv. Aimmu tin* nnwi ((iter¬ 
ating objects iin-ln.il*, I were a very |*rff t crystal of diamond from Snnih Africa 
i n*prc«i.‘i)ti»e carl ion) ami a of platinum fnnw Kwrria wr^hitij; 111 pram* 

Tim aeries of eancreiiomuy forum included apeebnetm of orWodar tpwtiiU* from 
Kin-It* Inland, Sweden, smil Finland. mill of septa ritm eom mUon* of etuy ironstone 
fmm Nni York. Koncua. ntiil Wi yim-nth, Kn^laml, and oilier I ialities. The* 1 

OQiipiwl jl Will! LHW* 

iff MifitrtitOffif. —The exhibit of thin division roiteiricd of an extensive i-urirt 
of minerals Yen esnsftilly iduaeiffed, arranged, and Inbided to illu«tniU> tin* method* 
employed by thi- Museum whan exhibiting larp*, ay««n*tfc oollivii..iir. Tin- series 
Lvnopriaoii about COO fi}«imuns awl war !pn mpmfM by 4“ emuj. labob in addition 
lo individual labels fur each spedmetj. It i-vrij.iitl four stamlard Muat-uaj " hIujhj- 
Ni M 11^‘f (itfrt. 

tHriftim iff Fimtitffaphu rtf IttrfrtdtMl? ht***i*-— Thin *,rikm 

two «ri(H uf siivi-rtuhnit^ fr^ik crinoida *cd copbalBiphl- 
T! 1 1 - t rtiioiil*, or Hlunt tUi**s wtitv refumut^l by iimniH ot SH m*l I bn 

a-phalGgKMl* HqitSilf!, vie.) liy t>pirutmciM ul 14^ They were 

HkTmurapM b\ Ll.-^.Ti|rtLv.* LiIh-E-. tin- uh ]ii»ihI tunw In Hfbkb ww^pkinfflik 

it spvrM id urtiddnEly iolr»rwl !q draw uin-uHori to the 

Jkar k pL-furnMl to. The I’olItvtlaii'WJW iiurt»l1inl in (ivi* -tmidiirrl 

flerten JP 

Sfctitw ft/ Itrfihrttif i m ju-i iiiiiil ->f thi? liuiitwl hiiLLiv, liatfon vuft(?btmU" h-.-- 

^ 3 ,, iSfUiM be eilitbiloda The exhibit ctmifeietl n\ a fulMw rwtinitkm ot the tkvU 
. .tlie Teitliry AinfiHw n-fti! ■, 7K-- nientk^n^r wliieii ha^ulreeuly I wen 

iiuide; u nkplfitnri ip( :l ^n-EdLvwt foawl tgcttln^l hinl + Hfrjirntrti ih; u i^wtumlErm itie 
%rwjtod*trK nh gxifout wbale-like uuuimiai fruin the Knrt^tCi tnul Imnes 

Sind Ilf like ItlkHlodoM* tmUbUIOtb, cil^l IitucniEla-t-TiLII il. 

hi the iw rtf TrkfmtitjM' el tnmilL tnwJei met |*Lntidg t^bnwring the iimlmliTe 
exieni^i ii|n»eiiTwn<x' of exhibit^ ^ iih ihe of tin- nkeJ- 

ri-Nnil r mini n lunje «>il f»;dritinu TtTniJfcntinj: the cTtuture in itM native lielrU wa * rjE^- 
jilnyetl on an miljnivnt wnIL 

\Hf F. W. Tnie* iwpmniMivft for the Jtuftkuijon mud Mumnim mi iltM< biverrmieiit 

Iwriinl, waH* nl^k ehakTomn of the Fpodml i'ljmmi I [ee on ex hi biin lr-nn the Ontlyi[i|t 
I i i,-H^ii-*u> of the I nil mI Sir- \V h V, ( ojl, ehiet ^jH'L'uil m^nt, wie kt* 

reta ty uf the tiovenmvtml Liomni. 


KEPOfiT I>F THE 'HKTAlSY 


115 


qf iillotmrtiiA mnft* U* f ft. frjrfFfw/^Pi. 


Orfftlfwl sbLMiiH'nt..............._........_**_*_***„,.*„ $ 50 , iJflil 05 

Tnotsfa r from t hv Interior 1 tejArtuicnfc jiI krtimmi*- . _, „_..... 2, 5ni>, m 


< 'rti** lilluttLhL^lll_„„„_____„ 52 T 300. 00 

Tntnisfi’f ta eIli 1 iOlirtm^ni fur PblfigvpliH' i^hllit.... ....... ?1,fl00. "?* 

Tmtipfrr l*i Wnr Jte|mrlJTieiat allotment , ,., „ 

——-—- 2 F USD, TO 

Sot nSli4i]it4it.._-,* + *_.. ........... 21 

t frr- -r -hxtrtm T *i vf r.rjWidiht n* **f Ihi'juiuh nthtflid U* tht StwilbutmittH /rrtitutimu 

IftTVi* 1 ** «f unvhimM>, Liuil iLiSwirt^ HTfiil iini of h-k I Li hi b-..... ta\ 221*47 

^■rvii'i-s nf I'l^rkrt -Li 111 ttj-t+ijftmits._.... X 4M, SO 

Tmvil iwnl mi|«!itenw k (W'fubingfrm ami BuHuIh: 

Railnwl fmnrc......-- ......-- -.* IttK.ffi 

^Irepiig-rar ............... T2s. 50 

I l raveling v \|«.„,..,. i£Qt 8$ 

Vvr ilieni aJlowajiLt^ tn lk-si <4 Qubdefteui^ *, T . T . -_-... 1,1*11.25 

- 

Freijrht F rjin &&?. juw I *>xpn•smiun......- . . ... 1,2**4.52 

Specimen# mi 4 n instruction of exhibit# for National Moecuei] (inclinline 

material#, nervier, Uriel expen**, i-k,;........ 20, 1-lH.fill 

Supplictf (hardware, glu^, iiihI lamber for own; parking material, rtr. i 5 r 027. M 
OUli ■* ■ ami miaotl huiutm* ex j wsnses ...... ......_...„ T1 „ TP l, 757, W 


50, 

Unexpected balance - -...1..... . 52.59 


50 + 33 tl. 2 I 

S LjiN ‘ii Li'i iE mmTliil In March H t 1002. 
lte») If nil; Htibn i i t Et* I. 

Fukhkhh k U r Tin t P 

Stjrrffnttatirr Smith ^uitm Intfitutim 'fwt twi&t Star** Nottonal J/rtfertMi, 

Jpna-.t rJ)rnVr;n AjrjHmYiYm. 

Mr. 8 . \\ L.tttuLEx, 

Sttrdfirtf fifths SmtihwmwH Indtiutim. 

Jo sh IS, 1 DOR 











































GENERAL APPENDIX 


TO TIIE 


SMITHSONIAN REPORT FOR 1902. 












I 


ADVERTISEMENT. 


The object of the CiEMKKAr. Appendix l-i n thu Annual Report of the 
Smithsonian Institution is to furnish brief nw-oimts of scientific disiW*- 
ery in particular directions: imports of I mitigation* made by collah- 
omtors of the Institution; and memoir? of u general diameter or on 
speeuil t i.i| jSh: l h that ure of Interest or value tot lie numcftMi# correspond¬ 
ent* of the institutkjd. 

Jl has been a prominent objoet of thr Board of Regents of the Smith¬ 
sonian Institution, from a very early date, to enrich the annual rejKirt 
required of them by law with memoirs iUoMtmtlrig the more reumrku- 
hio.and im|Kirtiiii1 developments in physical and biological discovery, 
as well ns showing the general character of the operations of the Insti¬ 
tution; and this purpose has, during the greater part of its history 1 
been curried out largely by the publication of such paper* ns would 
possess an interest to nil attracted by scientific progress. 

In 18$0 the Secretary^ if id need in jiart by the discontinuance of nn 
mniiia) Nummary of progress which for thirty years previous hud tieen 
issued by well-known private publishing linns, bad prepared by com¬ 
pel cut eo|3 ti bora tors a series of abstracts, showing coneiscdy the prnm- 
iuent features of recent scientific progress in astronomy, geology* 
meteorology, physics* chemistry* minendngy, botany, zoology, nnd 
until t opping v. This hitter plan waa continued* though not altogether 
satisfactorily* down to and ineluding the year l888. 

In the report, for 1 sss> u return was made to the earlier method of 
presenting a iiiisciTlaiii Hilts selection of paper* (some of them original I 
emhnirtng a considerable range of seientifii’ mvcstigatiuii and discus¬ 
sion. This method hsis lieen continued in the present rejtort for 

iiu 










RECENT \ERQNAUTICAL WlOCiKESS* AND DKDL"(TIONS 
TO me DRAWS THEKEFltOil, REfiAHIUNfi THE FPTl'Bfe 
OF AEKIAL NAVKiATlONp ,r 


By Miij. Li. R Baukn-Powrm., 


It i& with finding* of the greatest satisfaction that T mil now able 
for the tii'st ttttio to .ftdrtr\‘2*s thesocietv in 11 11‘ cat| i tx" t>f its presi¬ 
des t, and J must wiiscn this opportunity of ex preying to you mv 
heurtfi-lt thunks for the Tory groat honor whieli you have conferred 
it|Kin U10 I IV derfhigiue to this podliorn ] am not hut tori ttint my 
kbm- in tin- peed; though varied mid dipping into almost every branch 
of urixiimiitira* hum not Iwn so extensive nr so prominent us to war- 
runt my stdertion for this important \m st T hut nevertheless l sim-i-relv 
hope that, with feeor opportunities., I may, in the mi mediate future, 
he nhlc to nccomplbh modi more in the work wu have Wore* u>. 

Mv iihseiM'i' from England du ring the last three y airs, oei active 
service in South A trim* has prevent'd my ftilSHing many iHi|^o taat 
duties for the society during u period nf unusual activity and import 
Inuea hut, on tlie other bund. the lime I have sj H uit on the "irarklcss 
veldt/' and in the monotony of rntnp life. Ills not, \ hope, lieen 
waited, its ample opportunity Iris been afforded for ru refill meditation 
and consideration of tin 1 whole subject which it i> the object of this 
society to study. 1 therefore propose not so much to give a technical 
lecture mh the various experiments of recent years vuti have hud 
I jet tor opportunities than I nf studying these ms tncudeavor to make 
rlrur our present position* 

Pitting these three years many great events have taken place hi the 
aeronautical world, ( 'mint Zeppelin** mrmsterair.dd|u litifft on sound 
seieiitiiir principles, nf enortunns size nad quite different in design to 
anything madd IfCfore, lavs been completed* and has made successful 
ascents, although, 1 much regnal to have to add, has not sneoeeded 
its traveling through the air at u sufficient Mjieed tn warrant its bring 
considered a practical sucre*,*. 

•' TV* -ii1viiliiLl mUnsw hi-tnir thv A r-re malt Util Shirty «n‘ liival Itrilain, Unid^ri, 
l^auiU-r 4 t If HY2r ltc(irivital Uy jitrnnbinn *4 theimlhrir mid Eke tosn Uir 

Aernli;lu4iiTil JiHintnl, Sa Vul. VII, JfiUiimrv, l^hk'J. 
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ftKCEHT AERONA UTICAL PR< HJRESri. 


1 1 22 


Tln a 11 we come tn M r Han to*-Dumont's many more or less suecr j s>fiil 
trips in his navigable balloons, which., if not demonstrating any new 
principles hm shown what perseverance and attention to detail cam 
lehicve. Though we hove learned some useful p me Lieu I lessons, and 
have Itceu given data of great value for future experimenting, tin for¬ 
tunately the actual results uttahusl ntrry ns so little heyond wbnl wit- 
accom pi i dled twenty years before by MM. Kenan! and Krebs that 

. logins to think whether we have not nearly reached the end of the 

tether as regards the propulsion 4 if balloons. 

The unfortunate calamities to M. Severed and mom recently to M. 
dr Ili‘>uisky*s hulhsuis. as well a> the idjsolute failure of M. U<wuml 
Others, only tend to confirm this growing opinion. The latest 
accounts of M, LebtuLdy^s UdWh ^emii to make out that it lias aceom- 
]dished more, hut we must await tile results of more prolonged trials 
before we mu r<mu? b> any decision. Mr. Stanley Sjjeneer's trip over 
London ina navigable balk>on T though if proved nothing t u- regards 
the do iglbi lily or iuhemcit speed of the machine, attracted some 
interest in the matter. 

Beside* these we have heard of various experiments with th ing 
machines proper. Herr Kress is said to have risen off the surface of 
the water, but owing to some misimin&geiurnt the machine turned 
downwards mid fell in the water again. In Australia Mr, Hnrgmve 
has eonsfrueted a large machine. In Aiumni Mr* Wilbur Wright 
and hjs brother have been making wonderful progress with gliding 
machines., and Professor tamgley has been hard at work instructing 
a large new machine. He informed me the other dnv that inn very 
short time we might expect to hear something of this something big. 
It might, he added, licit big smash! But he wisely intends trvinw it 
over water. 

Then, too, like the invisible universe of dark stars that Sir Robert 
Ball talks about a. being possibly more extensive than that of those 
^eern there are probably more inventions beitig worked at hi private 
than we ever hear of publicly, and many of them are doubtless of 
great importance. It is only recently that tin results have been pub 
SUhed of the valuable cxperiuteiits with aerial smew propellers which 
Mr, W, U. Walker conducted for Mr* Alexander, 


Another »ij*n of progress in thr subject, of utroiiimtir* flam,* the 
lust few yttirs lui* Jh , n the o*t!ilili*him-nt in England of two morr 
pqblit' bniliiu, thf‘ Arm Club mid ihv Aeronautics I Institute the for 
iner having Imb estahlisluil for the eneoumgem^nt of hallou’ni*., Umi 

> *>'»'& m *> ■ While the latter mn* at inUT^tinlr the 

working Haases m the 1 subject. 6 

,} ..... . .. . ... vi.W „™| 
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very special merit. und by \^plaining these I hope to cnlisi their sym¬ 
pathy and support to the movement. For I have before now been 
asked: " L Why should it ncc:i l ssairy to haw n .society for the study nf 
aerial Navigation f Where b* the importance of it f Why not institute 
a society for submariNe navigation, for wireles> telegraphy* or for the 
I'rucmragrtuent of any other novel invention for the improvement of 
means of communication or warfare!** Hut useful as many such 
inventions may lie, none can have the great importance which may 
some day be attached to the machine which navigates the air. 

And there are two reasons why this subject is a largeoae. The iiv-t 
is that lie- science of aeronaut iv* i.- one com bins ng many h ranches und 
spreads into many ramifications* We have aerial mac}li iich u> they 
exist to-day* The balloon* forming u unujue and fascinating inode 
of travel, enables ns to mount high into the skies to obtain glorious 
views of earth and 1 -loud scape* giving us a laboratory for the study of 
many intricate problems of the ritnitisphcre* and forming a valuable 
mslrumeut of war. Wr must study bow this passive buoy may be 
improved l 11 k ) 11. wUm new rniiterEuls rimy In- applied In its con si ruction* 
gases, methods for causing it to rise and sink, and means of directing 
if out of the course of the wind* But we also have the more difficult 
problem of how to drive it through the air ^o sis to make it inde- 
IHtndent of the wind and go in any desired direction. rinsidv con¬ 
nected w ith this is is the subject of kite living, whether for man lining 
or meteorological observation, of parachutes, uad of soaring machines. 
All these necessitate 11 certain knowledge of the various brunches of 
meteorultjgy* which U tu aeronautictf as hydmguphy is to marine iutv- 
igutioiu Then we have the study of birds and other dying animals us 
a natural sequel to the science. 

The second reason for the importance of this subject is die vast 
future which apiMjars ■ >|h-m to it. If such an apparatus ran be ^ou¬ 
st nicted as will enable nmii to make practical use of die highway of 
the air, there U promise of the subject becoming of even more impor¬ 
tance than marine navigation or railways. 

Wc have* then, not merely to cmisiidcr the broad principles of the 
general form of tin* aerial machine of the future ■ whether it is to take 
the shape of an ariiiuuU bird, a propelled kite, or u dirigible balloon. 
We have to study the subject of te nslynamies, the elicet of air pres¬ 
sures on plane or curved surface trawling at varinus shells and at 
various angles of incidence* We have to investigate the efficiency of 
aortal propelled nf different forms, the strengths nf mate rials the 
energy and. weights of various forms of motors. Thru we must also 
study the nut und currents nf nir, tlie variability of air strata* the 
trends nf winds, and so on + 

Mile great range of subject- to begone iulo by our society rs thus 
patent.^ Many of nm + menders and others are busily at work in Mane 
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particular groove, making steady progress in building up their portion 
of tin* foundation of tJm.t gneiil structure which we all hope to sin- l isp 
up in the future. 

Hut to return to Lin- ■ 11j■ ■ "tion uf tin- rtrent progress in aerial navi¬ 
gation. I wilt utiw endeavor to point out mid explain the present |>o^:i- 
tion in 1 hold, ami Iiv eoi mulcting the state of the subject us j| at 
present exist* in judge whether or not there is any n-:d proluibilit v of 
our attaining that great goal which most of us look forward to. 

Though it ia improbable there are immy here present to-nMiI who 
do not look forward with feeling!* of conflclence that artiticutl flight 
will sutuii day be accomplished. yet there are -till some few ,keptii** 
(most, if not nit, of wlioiu have never looked deeply into the >uhje<-t) 
who believe it impossible. For this reason it may not perhaps he out 
of fillin' in surd an address ns |hi> to point out our reason* for main 
taining this lie I inf. 

The first great argument in favor of it ia that birds fly. If lvt . had 
never seen such u thing us a bird, many of u* might rcuscmnbli argue 
the tiling to hi' impossible. Hut [here they are. Not only ■■im tliev 
rise in the air. not only progress at a very rapid rate through it, hut 
tliey run continue the movement for long periods and j n almost unv 
wenther. It is ipute i-eimiii nmv that hint* do not possess anv very 
i-\iinordinary power: hut if they did we could protahly "go one 
In‘ tier" with the modern very compact and light oil engine*. We have 
now compress*] the strength of a horse Into a little motor weighing 
no more than a large bird. The re is the | lower. Can it he applied; 
Many people have argued that the flight of a bird i* dependent on 
some valvular ni l ion of it* feathers. Let it lie so; hut how do you 
lu-eount for the flight f»f the hat and of lln> flying fox? Others have 
thought that flight is only [>o&S!hie up ton eerlain weight* maintaining 
that the oat rich and the mm m- Inyoml that limit. Bur geologic 
«iM point you out I hi; fossil remains of a huge reptile which (hm 
ili^huv llrw in tin* uiniiid weiglH-il ftir nmre. 

Ihu. leaving nature, w e may consider what ha* been done by man to 
justify our bn|M H. 


Though I believe ii may be said tluit nearly all the authorities on 
the subject are nmv .if opinion thm the balloon Can not he considered 
ii> much more Hum an aid to act as a stepping stone— to true flight 
ye! there are many worker, who consider that very much tnuv Ih* 
accomplished l,y propelled hftlkinns Some authority Have ml,mi,*-d 
thal a s,ievd of 44 miles an hour might he pnietimllv ullained h* , lol 


morr. 
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1m■ | n't 11u■ 1 h I 1 he skin will vibrate and mil to the resists we; the nose t 
unices distended by framework* will \w driven in ami offer great 

resistance: the gus will In* driven taick toward the after.j, and the 

I■:e) 111111 - 1 14- iHsitirlhHL To preserve rids nen^iry rigid 1 1 r all the 
earlier navigable b:dh*m- wiiv kept taut hy tlKiu^ of tin- Itdluner. 
Irlii < ’unlit Zeppelin effected this hy elti internal framework- 
C nine Zeppelin, as I lt=ivi- said, struck out a new line. By great I v 
ijierrcising the of tin- balloon. he had obtained so much more lift- 
lug jMn,ver st-, to In- able to add a complete f none work that si I dotted jL 
[iut it whs proluibly solely owing hi this greut slio ihuE the apjjnratns 
faileu to In* practically imumgeable* It limy he compared In i!i- 
J&txf*rr* steamship* hut with I In- dilferenee that at (lie thm- of its roii- 
srrta tionwc had but ihi- most elementary experience of air vessel* 
jM o| h- tied hy engines. At the viinn- time this enormous capacity had 
itandvimtages. Mad it Ileen of half the diameter arid half the length, 
t hone 11 the resistance to propulsion might hare beers only oiic-i|tuutr r t 
the volume unit the lifting power would only have been one-eighth. 
So that, instead of ram irsg engines of tf 3 -hori*ejNnyei\ as was dom\ U 
might have only Uih-m jmssible to mrry stmse of I horsiqHiwer, 11 r.■ 
Polo, in his most valuable little treatises veal's ugo pointed out the 
advantaeis of very large volume, 

t^ne result. then* of rererat ix^ri incuts is ihsit it seem* quite pnirtb 
cable to build a navigable kdloon to go. we will -ay, to miles an hour. 
This, however* is not,quite enough* As the wind so often blows faster 
Ihnn this, it is unsafe to lei the balloon out on any but u very eultii 
they; else, though only blowing [ft mile.- an hour, the tiiadiiric will 
inevitably he curried nil and have to descend ill strange field* fur from 
its shed* and the diiiieiiltii s of tnmqmHmg ft ku-k may he so great 
that ii may even have to be taken to pieces* Having successfully 
accomplished this much, however* it ocrinmly looks a> if we could 
improve a little and get the balloon to travel 30 or 3a miles an hour, 
which would lie sufficient to stem the ordinary light hrccuscs. 

Wft have learned many practical lessons from these recent0xperieiires. 
It is neL-esisaiy to make uthe 1 cut provision against the halluoii eaving in 
or hueldiitg up. It is of course, rmst important (hal the engine hall 
he Mf const ruded u> not by any possible means to la* aide to ignite the 
gas i:n the balloon. But especially we have learned that s]leaking in 
general term* for a cigar shaped vessel some 31 > fold in diameter ii is 
cieces.-ary to apply a paviT of more Elian 1 H huraepower (presuming 
mi exceptiumlly etheient propeller he found 1 for it tit he really effi¬ 
cient. This practically means that you must have a larger b:iflooru 

MM. I^clmudy have now adopted a larger Ulloom tumbling them to 
curry an engine of M hcn>iepower t or more than double the |power of 
that of ,M, Santo- IhmiouL iidcmel ItenariL aku, is akail In build 
one larger still, of some sa.yMJU cEihie fia^t. Dr. Ikirlori's pruposi^l air 
ship is also designed to he of great si?..e + 
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I’lL^ing from llir (mlloon — that i? tv say, any* apparatus lvlili'ii dis¬ 
places u volume of air weighing as much us or more titan Its own 
weight faml many thought le.-s inventors are apt to neglect; this delini- 
tiont - we find several different types of machines whirl) show promise 
of sUtfiClfll. 

Beginning wilh tile simplc-t, nv have Ole gliding nr soaring machine. 
0 n« of the greatest paradoxes in nature is soaring flight. ] have said 
how douhtful many people might V about aerial navigation it' they 

had never seen a bird l!y. Imt we ran confidently assert that .. 

woiilil la'lieve it possible for u bird ... itself for hour after 

hour iri mid-air without the slightest laovement of its wings were the 
tn-tnul demonstration of it not visilile every day. I will not now enter 
on u discussion as In bow this is accomplished. 1,m will onlv sjlv that 
then- an- inventors who hope to be able to emulate the albatross and 
srmr nway into the heavens without any motive power or propeller. 

I t seems -si paradoxical that many limgli the idea nway. lint the hard 

fnet remains that birds can do it. and therefore why not .. J 

received n letter only a few days ago from Mr,G. Chaimte. than whom 
there is probably no greater authority living on soaring flight. He 
says that he bud just returned from witnessing this season s gliding 
experiments of tile brothers Wright, and that “ they have made a 
very considerable advance wince last year, and now glide at angles of 
it to 7 , sustaining 123 to ]fiO [HJiinds per net horsepower. Wright 
is now doing nearly ns well a- the vulture, is not fur from soaring 
lliglit., and I am changing my views as to the advisability of applying 
n motor." 


I Ibink this is a most remarkable statement, and there redly swum 
no reason why sorb experts, having attained profit lean- in the delicate 
arL of I in lancing themselves neon ling to the Various piifl* and current* 
of air, should not he able to soar away on the wings of the wind and 
remain indefinitely in mid-air. 

I he next general type of apparatus that I may refer to is thm of 
rising in the air by means of a screw propeller mounted on a vertical 
shaft \V it all have si-oii little toys ascend in the air working on tins 
principle, A large machine of this sort Was recently constructed in 
Paris, tun tbs experiments of Mr. W, Walker, of carefully testing 
the thrust and lifting power of various screws, have I wen among the 
most important contribution* to this science, lie has clearly shown 
that it k possible to practically obtain a thrust of 25 pounds |ier horse 

|Miwer. As engine- arc now made weighing im more that.. 

|s r h.HscjKjwcr, it k- Iearly demonstrable that a machfneon this win 

eiple could l». constructed to lift itself, carrying some 13 ..d‘ rwr 

horse] lower over amt a We the weight of the engine- Even if not , 

practical form of nn« Idt.e for traveling through the air, it would ho a 
most interesting ox pen input U) try. * 
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Finally wc romc to that variety of aerial machine which ba> been 
adopted by mi^t inventor* and which >itins U* promise the most >ntl>- 
fur lory n-sulb, J txietm what is known n* the aeroplane* Sir IJinim 
Maxim brought this prominently forward many yours ago, arid hot Is 
hi- and Professor Umgley have proved theoretically that it is the most 
nctmomieal form of apparatus; that is to say. t tint a given weight ran 
bo supported with less engine power than by other method** 

limit progress lias also been achieved in recent years io this lino. 
Lilu-tilhul pointed out the greater efficiency of curved surfaces a> rom- 
|kstn il to Hat ones. Phillips nml I laigravcs \ v-qH-nmented further with 
aeirjw'iirves. (Amgidering how much nmiv wo know about flu- subject 
now than when Maxim lirnt built his machine, ft looks ;p though we 
might mdly hear of great result* shortly from A me ruts, or Au>fnilin. 

Oul- pn‘^nt position is. then, n hopeful one. Balloon* have been 
gradually improved until wo can practically roly on building our bigo 
Ifi miles sin hour mid probably more, Ijurge Hying machines, giving 
practical experience of their eon struct Eon * have Itceti built. I bani¬ 
shed models have lluwn well through the ulr, Gliding machine*, hul- 
unnrd and controlled hy human effort, huvelwHui mtim turned in the air 
foi considerable periods and have descended at very grad mil jingles. 
And, whal is of the greatest iinportnnee, small engines!, giving groat 
power for their weight, have steadily improved year by war, leaving 
but little for ns to desire in this respect. 

All that we require, then, to attain practical flight. is to make si 
machine only slightly better than those already in existence. To 
nccomf dish this all dial required is a certain amount of -.k 1 1 ] and a 
good deal of money. 

Iliere has often been a lot of wild speculation ulmut what might 
happen when living machines are introduced into everyday life* hut it 
may be worth while considering for one moment what is likely to 
result, so m to judge whether the matter m one redly deimiiiding an 
effort In accomplish: whether, in fact, u the game i> worth the mudlo/* 

Whatever the exact form the apparatus may hike, we tuny n^umc 
that if will jHissess certain character! atir*. The tirat of these i> thut it 
will travel very fast. There are several rcu^mi- for supposing this. 
Not only must it he able to .-tern ordinary light bm^es but to he 
realh useful it should bo capable of going against any ordinary w ind, 
and to do this at any useful spued implies a rate of 40 nr ub miles an 
hour. Then, high speeds arc economkul in aerial machines. Lang¬ 
ley, by Ids elaborate experiments, has shown that the faster < hi r aero- 
plane is propelled through the ntr the les- force in proportion is 
rwjulrrd to sustain it. Again* the air ship, unlike it* prututc|>con the 
Water* is not impeded by *kiu friction* llmi the [tower required to 
drive i( at high speeds does not increase in the -nine proportion. A 
bullet can be propelled through tho air at immense speedy but if it 
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eiitem the wyivr iway i> sovii akipfwd* One mure rcaxnii why we 
limy hope for greater speech* than arc usual in traveling on hind and 
sea is that In lliv htU r piu e must he kept within hounds fur four of 
collision, Ik tih with nth or convei'aupcs and nlsu with irregularities 
(whether in ntiis, mifjuiikincnts, mid ridges, or rooks nnd sand hunks} 
wbidb nmv rxist Sx-mde the truck, 

Iri the aerial highway we h;iiv greater tut kudo. We have height us 
well els length and hiv-adth. Wc cun our p4irtiL r nlur iiUitudi- 

nnd stratum to travel iti„ so that iTrlmps l^HWJ imuliini- rutihl pros.-, 
over tin 1 Minn- spot at tin: >um»- time without colliding. In fact* it 
would decreuse ILt* chance of collision by n llionsundfold, in addition 
to the lateral roiitw not tieing so <drcum.scrihed. Therein no |Hilicc 
traps up there- 

Taking into consideration the speed at wliieli bird* traved. that at 
which ntmicls have been flown, mid I In- theoretical cuici did ions which 
have boon inside* w«- may misomildy suppose that PKJ mile' nn hour 
will la 1 no excessive speed for u living machine* 

Those who think till* Mi unite overling nine may | Kinder over an 
extract 1 mently emue arrows from an old nowMpn[>fr puldisbud seventy* 
eight years ago, referring to the railway then about to be coiwtriuled 
from London to Woolwich, In this reference is made to the poKsifnl- 
ity of the train being able to attain the terrific spe.d of IS to £u miles 
ini hour; but it concludes, with sarcastic incredulity, “We should as 
soon expect Lhc people of Woolwich to lie tired olF on one **( Con¬ 
greve's rocked as to trust themselves to the mercy of such a machine 
going at such a rate." 1 

.Once a prnctioul flying inuHmn- existed, the uses in which it might 
he applied hit varied anil important* 

Primarily. it would form an incalculably valuable engine of war. 
One can scarcely imagine any invention which could have a greater 
e fleet on I lie conduct of wiirfkn\ 

We can now appreeinic much more than we could three yearn ago 
of what vast importance such a machine would bo, li f* wm-Ui 
dreaming font moment to tm lise what might have happened had we 
in ISUM had some mm-hiiie eapiiblc of traveling rapid I v through the 
air. First of all, fm mere iTiNuinoiterlng, hnw imieh eOufd hnyv Itch 
done! In NntnL on the outbreak of war, such a vessel, ascending id 
[jtidysmith* cuuhl 3 mvc cruised around up to Uing’s Nek noting 
pve ry Boer ami er<-ry gun within, say, 5 miles of the track na^-H 

ovcr T ^“ir* >■«»<■'! ‘ilong tin- frontier*.I haw Fun k to 

re P° rt with ’" » ft ‘" hoi 'r*. Wo would then, »t -one f, | L *wooi> " 
hiivo had certain. n-Linhh-. nnd full information of what ,WiZ 
mstoad of going on morn and the vague otectrnlions of u few 

Another mm:.meat Orange lliccr could have moved forward 
notod the jHiiriiton of tin enemy at Belmont, Jloddm- liiv.-r und 
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Mjigmvd'onteiin could have gutm iutii besieged KiiidHjrley and heard 
their new-;. and could have run hack to report ti■ Lord Met (men. I 
ninni ihN t repeat tin* man)’ instances that occur to nu j of the extivnm 
value of such an apparatus for ix^>nnois>mH'e. Wi' might mill) 1 say 
that none of those awkward reverses which wo suffer id in tlio early 
pari of tin- wnr would have txseurred hail wo known the exact where- 
nHimts of the enemy. Latterly, how easily the evasive commanders 
could have lieun located and followed tip* Uinmnmnsstuiee by euplivc 
Hnl) do n ilia) Ijo considered dangerous. hut ius «p]Kimfiis traveling l;.o 
feet si second run* ari infinitely smaller chance of being hit \*y pro¬ 
jectiles. If tlie dropping of explosive** mi the head* uf a.leuiY i> 

not now considered “fair play " (though it i* dillicuh to ^e why this 
should 1 le.s^ humane than throwing lyddite shell* from a howitzer), 
yet there are many more use* to which the aerial fighter might lie pub 

lie euuId blow up the railway lines mid bridges, even if he hud to 
descend to do so, lie could rut all I lie telegraph wires iu the country, 
and could net light to store*; and do other damage* A machine souring 
abuuL over a town or ramp occupied by the enemy would certainly 
have it very decided moral effect on him, rmmmmhiiUon could be 
kept up with, and even, perhaps, « fi'W stores introduced into a 
besieged place. 

I nerd nol go further inlo the j>ussibilities of lhr future* Tbr more 
ive think ihr matter over the more can we realise the extraordinary 
effect Hiidi an innovation would produce Hi war, 1 do not think any¬ 
one would deny that, bad we I warn ill {.wjsse-s-don of such H|>[Xi intu> 
during the lute war. t Jit* npc ration# would have been so greatly facili¬ 
tated tbsit the campaign would have I nun ended in a eonqiamtividy 
short time* and that we should have Hern saved nn expenditure of 
many million* of pounds. 

Even in till vul warfare, if *iich speed* as | have mentioned were 
possibly the uorud machine should prove of infinitely more value than 
a submarine or a torpedo trout If the invention of the Brnmaii 
torpedo was considered worth C \ [0,OQo* how much more would Ik? t he 
value of li dirigible aerial torpedo! 

Another important purpose to which thing machine* could l.e 
applied would In? for the exploration of unknown lands. With a 
rapidly traveling apparatus, the North Pole could be reached inn few 
hours From [lie north of Norway it is about 1,300 miles to the |nde. 
It would then be almost possible to go there and Hack in twenty-four 
hours, Whim we think of the large sums which have been devoted to 
arctic und antarctic explorations, und roniumtar that very |«>^ibly m 
tenth of this amount might prod an a nniehinn capable of thoroughly 
exploring lioth these regions m a few weeks* it seem* reallv wuith 
considering whether Hitch money is not waited. J he {ruckles dc-erts 

8M IfNDS-i> 
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of Asia jintl Africk could he tmvt'rswl and nwtravctscd, tin- mysteries 
of Mecca uml of Lassa laid at our fret. 

Hut over mid above those most important ami far-reaching possiMK- 
ties of aerial mitigation. there is the likeiihuud of a revolution iti our 

ordinary.. of I ravel by one infinitely mure rapid, rlintp, mid enn- 

venionl. I have already given my roaeon for supposing that such a 
means of travel would he rapid. There is also g (M} d uniHiu for.-up- 

p^*«ng i f would lie economical. No rails or pennm.. way need he 

laid on the billows of the clouds. No toads need lm constructed or 
b‘|il In onlerthrough the realms of blue. Even expensive Imrlwrs, 
dredged eh winds. light houses, mid Ihuicous need not he maintained 
hv the owners of air ships, doing from place to place “sis the erow 
Hies** shortens the route ami mlds to the rrunoiijv. The coijirnicmeuf 
the system is also evident. Already we ate loginning to appreciate 
the value of the motor car going from door to door instead of our 
having to get, to the I nu« at a fixed moment. But when ive ran order 
round our aerial motor to take us straight to our destination, pacing 
equally well over land or water, towns or coni lie Ms. independent of 
tin the and reads, then only shall we realm- what real convenience of 
travel K 

Sjieed. economy, mid ..*■ are Mg factors j n „ IM>W uf 

till YV ]. 


Hut there is one consideration which 1 Iwlicvo ia greatly responsible 
for the tardiness with which this subject progresses.' perils Imil 
dangers loom before ns as a skeleton contaminating and haunting our 
ensile in the air. The mere idea of being jttiacd high „p j n tlu-\kv 
and of falling from the machine through thousands of feet to mother 
earth, is so terrible to contemplate. Hut the aeronaut of toMav soon 
gels accustomed to Wing al a giddy height, mid without doubt the 

people of to-morrow will have ... Imagine the fedimra of 

rile savage wlm for ihc first time sees an express train rush through -* 

! * atwn t,f . . . 11,1 hour - 1 singing and clattering with fiendish upnnr 

shaking the very ... and darting along at u speed ..* ir!| l>|’ 

to any thing lie has overseen More. Would he trust hirnmdf fll tniVl j 
by that meansf though to (lit through the air with the speed of „ 
swallow l,my *n highly dangerous to our inexperienced minds how 
often dll we sec n bird full headlong to the ground * 

What we sec. then looming in the f.re. more or Jes, Uw . aevnrd- 

ing to the energies of, mid (he cucnmoment we give to, thus* mnJ,. 

mf inrahmlli:!' 

sei,-, r and The prm-iieal knowledge ot mir glohe, alTn ^dv’l^ 

?.■*“. * 5 . 5 *S 

e ,l „j,,„ ;,:r“i^r£T£r^ ,Uur ,T' L 

M *' 11 now i-iln ivt* help tp 
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further the am*e f Like must mutters in this world. what \> most 
wanted is money* Mirny clever inventors and engineri-s are ijuite 
ready with ihc-lr plans, I mi have not the mums to eoinph te them. 
We see millions of pounds spent on equipment for war. Hundreds 
of thousands devoted r<i I hr building of small warships. We see thi m- 
sands uiihsc'i-ifs-d for geographical exploration Ihu: for ( hi - eueoiimge- 
uient of that invention which may be pununoum over all these we see 
practically not Ling devoted. When I suy k " [nucMialh nothing" l 
am not forgetful a certain few who have devoted mneh to this cause. 
We do not forget tin- very gene mus donations which Mr, Alexander 
has given T o this society, nor the valuable time and energy which mil" 
Worthy seerdaiy lias dm nted so gratuitously Eo further the objects of 
t In 3 society- Others, loo, are helping as Iwst they ran with limited 
time and money; but what we would like to see would lie a real solid 
fund built up, such as would enable as to get really useful work done. 
Then ] fee] sure it would not he long before the British nation would 
owe a debt of gratitude to the Aeronautical frwKsiotv of Ureal iVritiihi. 
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"Engineers have, until rctvnl years, fought shy of anything relat¬ 
ing to aerial navigation. Those who ventured. in apttu of the odium 
attached to that study, U» look into it »t nil became v«ty noon sutiefiid 
tlmf the great oiwbiule in tin* way whs tin* lack of u motor anflieienilv 
light to sustain its weight and thut of an aeroplane upon the air.^ Hf- 
teeii years ago the lightest steam motor was the marine engine, weighing 
l)n pounds to the horsepower, while the gas engine weighed very much 
more; the locomotive weighed :»n» pounds |jef horsepower. During 
the joist fifteen years, a gri’itt change has tA&en place. Strum motors 
huvo been produced weighing only to pounds per horsejiuwer, and gns 

engines have been tightened down to l^J- to 15 ..Is | h>i horsepower. 

so that the status, so far ns engineers are (ameerned. i- very greatly 
changed, and there is some hoju* that, for some limited piirtJosos at 
least, man will eventually be aide to fly through the air. There is, 
however. f»fore that ran be earned out before a mob ir ran lw appl led 
to a flying mtiehine an important problem to solve that of safety or 
that of stability. 

■*1 had the honor of telling you, scuno four or live years ago. some¬ 
thing about, the progress that had Wn made up to that time, Sim-e 
thim further advances have been made by two gentlemen from I lay 
ton, Ohio Mr. IVilhur Wright and Mr. Orville Wright who tried 
some very interesting experiments in October. lflUO, These experi¬ 
ments were conducted on the seashore of North Carolina. mid were 
again resumed last July. These gentlemen have In i n hold enough In 

attempt smile things which neither UlienthnL nor Cilehrr.. myself 

dared to (h). They have lined surface- very much greater in extent 
t han those which hitherto had been deemed safe, and they haw- accom¬ 
plished very remarkable results, part of which it. was my privilege l-. 
see on a visit which 1 made to their rump hIhiuI a.nils ago, 

"1 thought it WOtlld he interesting to the members of till-society to 
Im> tin* lirst to learn of tin* results accoin pits lied, a ml therefore I have 
I hi- honor of presenting to you Mr, Wilbur Wright." 

.1 Ktprint.si bv ihtuiIiwoii, after rvvi-i- m tw the author, fn.m .f.Mimal of ihe West 
A !TTL Society of FTtwinceiH fe Wfll- 
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The difficulties which obstruct i he pathway tv success in flying' 
imu-hun 1 eouslructjuu me nf three general ■ I i^se.-: fil Those which 
relate tv the construct mu vf E Ik- Mishiining wings: rji those which 
relate to the general inn and application of the jjoiver veriutrud lo drive 
tliu machine thimigh the air: b-3) tliu.se relating to the hahuidng and 
steering of the machine after it is actually In flight. Of these diJiicid 
tii.^ two are already to a certain extent solved. Men already know 
how to construct wings or aeroplanes wh [eh. when driven through the 
air at siLllicicnt speed. will not mi3y sustain the weight of the wing* 
thomsidvcs, but also that of E In- engine and of the engineer as well* 
Men al>o know how to I miltl engines ami screws of aufliricnt- lightness 


and power to drive these planes at suslniuitig speed- As long ago m- 
1 s;m a machin e weighing 3,000 pounds demonstrated its power both to 
lift itself front the ground and to maintain a speed of from Ho to 4u 
miles per hour.. hul failed of suree-s owing to the inability of the 
operators to I *a hi nee and steer it properly. This I nubility to ha lance 
and steer .-till confronts students of the Hying problem* although nearly 
eight years have pulsed. When tills oue feat Lire ha> 3jeen worked cmt T 
the age uf (lying machine- will have arrived, for alt other »IF (lien I ties 
u re of mi no r I rn ja >rU 11 tee. 

The jjersoii who merely watches the flight of a bird gathers the 
impression that the bird luis nothing to think of but the (lapping of 
its wings. As a mutter of fuel this is it very small part of its mental 
labor. To evun mention all t Eli? things the bird must constantly keep 
in mind in order to fly securely through the air would take u coils id 
emWe part of the evening. If E take this piece of paper, and after 
placing it pn ml lei with tin- ground, quickly let ii bill. It w ill uni >elLlc 
steadily down ns a stank sc ns i hie piece of paper ought to dn. but it 
insists nil contravening every recognised rule of decorum* turning 
over and darling hither and thither in the moat erratic manner* much 
after the style of an untrained horse. Yet this is the style of .-teed 
that men must learn to manage before Hying can heroine an everyday 
sport. The bird has learned this art of equilibrium, and learned it so 
thoroughly that its >kill is not apparent to our sight. We only learn 
to appreciate it w hen ivo try to imitate it. Now . there are two ways 
of learning 1 bow to ride a fractious Iiorse: f ine is to get on him and 
learn by actual practice limv each innfbn nnd trick may he |m si rm (- 
Ihe nth-r b to Ml on a fence and watch the liens! n while, and (hen 
1 -tlre lo (he house a.id at 3ci>nre ligure oul the licst wuv uf oven oiu 
iughi. jumps and kicks, The latter system Fs the hut the 

tWiner. Pit the whole, turns nut the larger pru t KirLioi| of good riders 

It is v«y mwli th« V .s...„un Ir^min^ lo rid. . llu , dlilte - if ^ 

L1 n- iBoting fov perfect safety, you will do w. II to sit on Sl f cno . i lru | 

Wato i "» **■* hui lf wi.h to lofirn. you .oust mo. , 

. . . with iLs tricks 1»V tmtmiJ trial. 
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Htsrr Otto LiUciUhul to liuvin Wm tlm iii>t iiiiiii whu n-ully 

ctiJHjirtdiGndud tUnt tain tiring Ivan I lii- flri*t iiinh^ul of tin 1 lust til th '■ 
jrrfLHt problems in nmmiftion iviili liuttiitn flight. Ib s begun whi*tn 
Others In ft off* and thus slaved the muiiy ihmi^uid* dollars that ii * 
hud theretofore Hi-^u customary tu sjkhh! in building and ill ting 1 
i k .\|H i 3 it ; u i pugint's to mavhiiM L > which w r crc uiK^oiitrollHlib* when i ri^L 
lb- built n pair of wings of ii suitable to sustnisi his own weight, 
nlid inside use of gravity a> his motor. This motor not only cost him 
nothing to iw-crin with, hut it mimrcd no expensive fuel while in 
operation. and never had to Ik? sent t o Uhj shop for repairs It had 
one serious driiwlicurk, hM<'V«r, in that ii always insi^ed un Axing I he 
conditions under which it would worfe+ Ihese were. ihal 1 h* 1 mail 
should tirst betake himself and nnmhiue to the top of a hill smd ity 
with a downward m well us n forward motion, ride** these roucH- 
turns were complied with, gravity served no IwMterlhsin u bulky horse 
it would nut work ut all Althougth Lilientlial must have thought the 
eon ditto ns were rather hard, lie nevertheless nrevpted them till some¬ 
thing 1 lustier should turnup: and in this mtumei he made some two 
thousand flights* in a few *^i y s landing at u point more than Loot} feet 
distant from his pkK-0 of starting. Other men* no douhb long before 
bad thought of riving such a plan. Liliersthai not only tin Plight t hut 
iicteil: nod bi so doing proliably made the greatest eniitributioii to live 
solution of the tly ing problem that has ever lieen made by any one uum. 
He demonstrated the feasibility of actual practice bi the air, without 
w hieli success is impossible. Herr IdlR-titlml wits followed by Mr. 
Pilcher, li youn^ English engineer. Had by Ate. Cbanuto, n distiii- 
vuinhi il iiiriiilicv of the society I iimv address. A few other* have 
lmill jfl RUwp imcJiioes. hut nearly all that i* of real value is due to the 
cxiH-riments conducti*! under tin* direction of the three men |«sl 
men firmed. 

The Inlandof a gliding nr flying machine is very simple in 
thiHiry. It ions is is In causing the renter of gravity to coincide with 
the renter of pressure. But in actual pm dice there seems tn Iw un 

almost 1 h mini If" incompatibility of temper which prey.* their 

retraining paitenthlY together for si single instant, so tlml the operator, 
hlir-iM this CBSC sil ls as peacemaker, nfl. u suffers injury to himself 
while attempting u, I, ring then, together. If si wind strikes u vortkat 
plntsc. the pressure on that |sirt to one side .if the renter will exactly 
liuliinrc that on the other side, and the pert idwoe the enter will 
1 lainitec dial below. But if the plane In slightly inclined, the pressure 
Im tile |i!irl tiesm si the wind is increased and ihe pressure on the other 

purl decreased, so that the ... of pressure is nmv hauled, not in 

the center of the surface, but a little toward the side which is in 
iidvaiuc. If tin- plane In- -till further inclined the center of pressure 
will move still further forward. siul if the wind blow n little to .. 
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side it will also move over as il to meet it. NW, since neither the 
wind nor the machine for even ilil instant maintains exactly the saute 
direction and velocity, it is evident that the man who would truce the 
tSMirse of tin* renter of pressure must be very ipiick of mind; and be 
who would attempt Eo move his Itody to ilnii ^pofc jlE every change 
musE 1 h- very active indeed. Yet this is what 1 letr Li lief i thill attempted 
to do. und did do with niost remarkable skill, ns his two thousand 
glides sufficiently attest, However* he did ant escape til ing over- 
turned hy wind gusts several times, und finally lost hi* life ns the 
resEih of an neeidtuitul fn.IL The Pilcher machine was similar to that 
of LiHenEhal. On one iK'c&dfjiu while exhibiting the flight his 
nm litne to several momliers of the .YF'mnuuticiil SorieH of f In^r 
Britain, h suddenly collapsed and fell to the ground, musing injuries 
to the operator which proved sadly fatal. Tlte method of riianagmrnt 
of this machine differed in no important respect from that of Idlreu- 
tlial. the operator shifting Ills IkkIv to make the filters of pressure 
and gruvify coincide. Although the fnLdilies which befell thedesigzo 
era of those machines may have Ihhui due in the lark of structtittil 
strength rather than to lark of control, .nevertheless it Inn I become 
clear to the students Of tie 1 problem that n more perfect met hi id of 
conrtrid must he evolved. "Ffci 1 fhatiute machine^ mnrkerl u great 
advance in boih rcapjoftB. In the multiple wing machine the tips 
foldi d slightly liackwanl under the |iressure of wind gusts, so that 
llie travel of I he center of pressure was thus largely cnunterhntnitcccL 
The guiding of the machine was done by a slight movement of the 
operators body toward the direetiou in which it was desired that 
the machine: should go. The double-deck imehiar, built and tried 
ul tin- same lime, marked a very great structural advance, ns it was 
the lirsi in which the principles of the modem truss bridges were 
fntly applied to Eh ing-rnai hine cons!ructinn. This machine in uddi* 
tien to its greatfy improved construe! iim and general design of part** 
abo differed from the machine of Lilienthal In the operation of its 
lad. In tlie Liiienthul machine the tall, instead of being fixed in one 
posh inn, was prevented by y stop from folding downward heynnd a 
certain point, hut was free to fold upward without nny hindrance* In 
die 1 hiLEiiLtc machine the tint waa at first rigid, but afterwards, at the 
miggesthm of Mr. Herring, it was held in piure tiy a spring thiri 
llIIowisI ii to tnove slightly either upward or downward with reference 
tn it.' annual portion. thus modifying the action of the wind gusts 
upon it, very much to its advantage. The guiding of the tmiehiue 
wils HTeHed hy slight movements of the n|>eniWs ImhIv, as hi the 

muU.ph-wmg machines, Both the*, mac . . were much mom mum 

rtgeivili- than tho Lihntfaal type, and their structural strength, not- 
wUh.tandmg their extreme lightness, was smh that no fmWttiU or 
even accidents tnnM the glides made with them, although winds 
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Were successfully tmwmtcrixl much printer in violence iiulu any 
which previous racppriiueiiter* had dared To attempt* 

My own active inter^^t in aeronautical problem* date* brick to the 
death of LiHrnilml in UKNh The brief notice of his death which 
appeared in the Udegmphie new* at that time aroused a passive inter¬ 
est which hud existed from my childhood imd lind me to fake down 
from I he shelves of our home library a book nn Animal Meehnni>tiu ly 
lYofiwaor Marry* w hich I hmi already read several tinier From this 
1 whs ted to rend more modern works, ami us my brother .-non I wnmu 
equally interests I with myself we anon p::—ed from tie* rinding to the 
thinking, inn I filially to the working stnee. it seemed <o ns [hat the 
main reason why the problem litid muumed so long unsolved ivtis that 
nn une had been able to obtain any athjnuFe [practice We figured 

that LilicJitEml in live years of time had spent only aland live I . . 

in aetued gliding through the air. The wonder wns not llmt lie had 
done so little. Inn I3 ijl 1 he had accomplished -us min-h. It would out Ih» 
considered nL all safe for it bicycle rider to idtein|l 1u ride through a 
crowded elsy Street after only live hours* practice. out in lots of 

ten seconds each over a [icriod of live years yet LiEirnthul with this 
brief practice was remarkably successful in meeting the fliu tualhmn 
and eddies uf wind gusts. We thought that if some method could lie 
found by which It would he pus* i Me lo practice by the hour instruct of 
by the second them would be hope of advancing the solution of a very 
rlilticnlt problem* It seemed feasible to do this by building a machine 
which would he sustained at a speed of IS nsile* [M r hour, and then 
find mg a loiiility where winds of liiis velocity were ronmiom With 
these eitnditiou-. a rope act ached to the machine lo keep ii from Homing 
backward would answer very nearly the maw purpose as n fdnpetW 
driven bv a motor* and it would lie possiNe i** practice hy the hour, 
mid without any serious danger, us it would not I* 1 necessary lo rise 
far from the ground, and the machine would not Itavn any forward 
motion at flJL We found. according to the accepted tnhje* of air 
pressure** on curved surfaces that ei machine spreading ilHJ square fed 
of w ing surface would lie sulllrirnl for onr pnr|iosc T mid that plan s 
could easily he found along the Atlantic roast where w inds of Id to ”r* 
miles ivOPO not at all i inrotiiUKin» M hen the winds were low it ua> 
our plan to glide from the tops of sand hills* amt when they were suf¬ 
ficient! v strong to use a rope for our motor and lly over one spot* 
O ur ju*xt work was to dmw up ihe plans for a suitable machine. 
After much study we finally concluded that tails were at murre of 
troll Id e rather than of asdstunee; urn! therefore we de> ided todbp use 
with them altogether. It reined-wiwonable ihut if the laxly of the 
Ojjemtor could placed in ei horizontal position instead of the upright, 
us hi tin- machine*of Lilicuthab Pilcher, and (Imiitlta* the wind resist- 
Lun-e could In" verv materially reduced, since only 3 square font 
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bisimd of 5 would he excised. As a full lisilf horsepower could 
he saived by this cluing, wp arranged to try at least the horizontal 
|H^hion h Tln n the method of control used hy LOientiinL which mn- 
siated in shifting the body, did not mem quite us quick or effective m 
the inquired; ao t after kmgutudy* we contrived n system consist 
in g of two large surfaces on the i hsiimte double-deck pI*B f mud a 
smaller surface placed u short distance in front of the main surfaces in 
'-neli n position that the action of the wind upon it would counter- 
itdiiKice the effect of the travel of the center pressure oti the main sur- 
faces, rhuft changes in the direct ion and velocity of the wind would 
have little disturbing effect* arid the operator would Ik- required to 
atti iid only to the steering of the machine, which was to lie affected 
Uy curving the forward surface up or down. The Intend equilibrium 
nud the steering to right or left was to be attained by 21 pcvulinr torsion 
of the mail] surfaces* which was equivalent to presenting one end of the 
w ings ni a greater angle than the other. In the main frame a few 
changes were adsu made in the demit* of construction and trussing 
employed by Mr, Quinn te. The most important uf those were 
II) the moving of the forward main crosspiece of the frame to the 
extreme front edge; (2) the encasing in the doth of all crosspieces and 
ribs of the surfaces; (3) a reniTaiigement of the wires used in ttHissing 
the two surfaces together* which rendered it ]feasible to tighten all the 
wires by dimply shortening two of them. 

With these plans we proceeded in tin* summer 1,900 to Kitty 
Hawk* N. ti little settlement located on the strip of land that 
separates Albemarle Sound from the Atlantic Ocean, Owing to the 
impossibility of obtaining suitable material fur a stOO square font 
nmt-hiin% we were compelled to make it only 1H5 square feet in area 
which according to the Liiienthnl tables would In- supported at nn 
angle of & in a wind of about 21 miles per hour. Orj the very dnv 
tluii the machine was completed the wind blew from %% pi m milespe r 
hour, 11111 I we took it out for triad slh ?i kite* \V 0 that, white it 

was supported with a ilium on it iil a wind of hIkmiI 25 mi leg, its angle 
WB * Hindi nearer Si than : J * . Kvi-n in gusi* <>f »j miles tin* mflraf 
mi , idi , ni'i> did not get a* W a* » , although the win,l «t rhU sptml ims 
tiH.iv tHiui Iwirr th* lifting jwwer of n ai-mifc wind. (lf 

t,,iVh ji,*i* hour are not l-Wiful on clear days. it was ;il one* ,>vi,h nt 

rh “* nur l ,l,lh " f h' ‘t"‘ h«r, day after duv, would |, avt . In 

be pc^n-d. t>.«r system of twisting the surface Ut hlU . , |h . 

'f;™ 1 h *«’~ ftn(l *>“»<! toU- mdi more than 

shifting tl„- oj m- m t< ir * 1 „h 1y, On salient days, when wind was 

Iik> light tin- machine with n m,.. it . W( . u-sted it a*„ 

kit,- working On- adders by cords reaching tho g„, uri d. The 
results were vrry sat.^irtory; >«t *it w.-rr w,![ aware that this method 
of eshng h n. vrr wlnilly com-incing until tho n.ulu lin 

hy aielual ghdmg i-X|K>rieiM-e. 
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Wo thru turned Ottf attention lo making u Heries of actual measure¬ 
ment* of the lift nnil cirifl of the machine under various loads, So fur 
as wo worn aware this hud never previously taeu done with imv full- 
size machine. The results obtained wore most astoni*hing. for it 
Appeared that the total horizontal pull of the machine, while sustain¬ 
ing it weight of .">2 [Kiiimk, was only S.H pound*. which was less than 
liml previously been estimated for head resistance of the framing alone. 
Making allowance for the weight carried, it appeared that the head 
resistance of the framing was hut little more than 5ti per cent of the 
amount which Mr* Cbamite hud estimated a* the head resistance of 
the framing of his machine. On the other hand, it appeared sadly 
deficient ta lifting pow'er as oonipiiml with the calculated lift of curved 
surfaces of its size. This deficiency we supposed might be due to one 
ur limn 1 of the following causes: (!) I list (in - depth of the curvature 
of our surfaces wu* iiisiifticient. being unh ataait I in 22 instead of [ 
in |g. igi That (lie cloth used in our wings was not sufficiently air 
tight. <31 I'lint the Lilienthal table- might themselves Ih' somewhat 
in error. We decided to arrange our machine for the following year 
so that tlif depth of curvature of il> surface' could lie varied at will 
and its covering air-prOoffd. 

CIlli- attention was next turned to gliding. Inti uo hill suitable for 
tin* purpose could lie found near our ramp at Kitty Hawk- l In* com¬ 
pelled us to take the iiiHvhinc to a point 4 miles smith, where the Kill 
Devil sjtnd hilt rlss from the (hit sand to n height of more lInin lun 
feet. I ts main slope is toward the nurtheust and has an inclination of 
n tamt in', tin tba day of our arrival the wind blew about 26 miles 
un hour* and as we had" had an exfieriein e al all ill gliding we deemed 

il unsafe to attempt to leave the ... Hut on Mir day following. 

the wind having subsided to 14 miles per hour, we made nta.utn dozen 
glides. It had been the origin!) I intention that I he operator should 
run with the machine to obtain initial velocity and assume the hori¬ 
zontal position only after the machine was in free flight. When it 
came time to land he was to resume the upright i>usition and light On 
his feet, after the style of previous gliding experimenters. But on 
actual trial we found it much ta'tter ..ploy the help of two assist¬ 

ants in starling, which the peculiar form of our machine enabled us 
readily to do, and in landing we found that it was entirety practicable 
lo land while still reclining in a horizontal position upon the machine. 
Although the landings were made whikamovhignt specrisnf more than 
•2U miles an hour, neither machine nor operator suffered any injury. 
The slop- of the bill win H.5 * or a drop of 1 foot in 6, We found 
that after attaining a speed of about 2f» or .HO miles with reference to 
the wind, or l» to 16 miles over the ground, the machine not only 
glided parallel lo the slope of the hill, but greatly increased its speed, 
thus i lid ini Hug its ability to glide on a somewhat less angle than H.5 , 
when we should feel H safe to rise higher from the surface. The ran- 
H,4 ,,f il,,. i nac hi lie proved even tatter than wii had dared to expect, 



140 


SOMK ATMOffAVTWM* EXPEfilMKETl^ 


rescinding quickly to (hr slightest mot kin of thi 1 rudder. With these 
glides our experiments for the your lflOO Hohi.hL Although 1 ho hours 
and bourn of practice we hud hoped to obtain finally dwindled down to 
about two minutes, we were very much pleased w ith the general results 
nf the trip, for, setting out tv* we slitE. with utmost re volutin miry theo¬ 
ries on mutiy points mid jlii entirely untried form of machine. we mn- 
si drivel it ijuiu- n point tu be able to return without having our |iet 
theorim rninpleudy knocked in the Jje&d by the hard logic of oxperi- 
mif* and our own brains dashed out in the bargain. Kvervthing 
seemed to tis inconfirm thi*roiTCi'tfl^of our original opinions. (1) that 
practice i> tin- key to the secret of Byingi (3) that it is pnirrieuble to 
jLssuDioib horizontal posilion; bHthas u smaller surface set at jl uftgativo 
angle in front of the inuin bearing surfaces* or wings, will large) v ci.mjil- 
firfli:! tln a rlfirt of lie faro and nft travel of the router of pressure; (4) 
tint! steering up and (lu^h can be attained with u rudder without mov¬ 
ing the position of tin 1 operator - lmi\y: (fij that tw isting the wings so 
as to present their ends to the w ind at different angles isn more prompt 
and efficient way of maintaining la trial etpii librium than shifting the 
body of the operator. 

When the time came to design our now machine for into. we derided 
to make it exactly like the previous machine in theory and method of 
operation. But us the former machine was nut able to support the 
weight of the operator when Sown u< a kite, except in very high 
winds mid id very large angles of incidence, we decided to inorctuw 
its lifting power. Accordingly, the curvature of the surfaces was 
increased to 1 in It!, to conform to thi a shape on which Ijilienlhills 
table was based, ami In }>e on thi- safe .side wo decided also to haeivase 
tho area of the machine from 165 square feet to 8(ltf square feet* 
although so large a machine had never before been deemed eon- 
troll able. The Lilienihtil machine hail an area of l a l square fret 
that of Pilcher 165 square feet, and the Chflnuto double-decker !>54 
s|iniiv fi-ct. As our system of control consists] in Jt man i] mint ion of 
the rtLirfsices themselves instead of a shifting of the operator's IhkIv, 
ive hoped that the new nrachme would U* controllable. nei withstand¬ 
ing its great size. Action ling to calculation^ it would obtain support 
in a wind nf IT miles jjer hour with an angle of incidence of only ?, 

Our experience of tin- previous year having shown the necessity 
of a suitable building for housing the machine, we creeled a elosjm 
frame lad I ding, HI feet wide. 25 her lung, and 7 fief (dgh nt the 
cjives. As our inimhine wm 23 fri t wide, 14 feet Jong (including the 
rudderL and iilsmt p i feet high, II was not tmrcMUr to take the ma- 
eldiic upirl in any way in order to houac ii. Both mtds of the buUd 
iiig, except the gillie part... were- made into doors, wliieh hinged 
above, so tbit when o|*m*l they formed an awning at each end ami 
I. ft mi France the full width of the building. Wc went into wmip 
■d*™* .. . duly, and were wmii ]oiiied bv Mr, K. C, Ilullaker 
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of Tt'iiiHWi'. tin cx|wBGnn'i! nr ru nautical iavestiguiur hi lhe i'tti['by 
of Mr. (InDlitv, by whom hi.' services wore- kindly It juried, and by l>r. 

(;* A. Spratt, of Pennsylvania, ei young.. who bus.de some val- 

uiibli' investigations nf ilir pro] jerries of variously curved surfaces 
mid the tinvi4 of llip center of pro>*mv thereon. Karly in August 
Mr. (’tumuif t-MiLir down from ( huiigo to iviliK 1 ^ our ex | he rime I its 
ninl spent u w'wb in camp with ns. These genth-iimn, with my brother 
mul my ispI f, formed tmi camping party. bill in addition ftr liml in 
imuiv of onr experiments liic valuable assistance of Mr. \\ . *1. 1'tilc 

mid Mr. |Aii.ii. Tate, of KiUyhawk. 

The Tiuii'liuii* wtiso.pb'ted mid tried for tin* tir.-t time on the sfTlti 

of July, in n wind Wowing tdxml Hi miles no linin’. The operator 
bating taken :i jwsition where the renter of presume w*s supposed to 
ln>. nil attempt nt gliding wus made, but tin- machine turned down ward 
ntid landed after going only ii few y a ids. I his indicated that the 
renter of gravity was too fur in front of Lhe cable r nf pressure, In 
theaceond attempt the operator took h position scveml inches farther 
iKirk. hut the nyult ivih Riudi lhe same. lie kept moving farther and 
further back with eneh trial. (ill HnnJIv he occupied a position nearly a 
foot back of that tit w liii*li w e bad expected to find the center of pressure. 
The machine then sailed o(T and made an undulating (light of a little inure 
than :tim feet- To lhe onlookers ibis llighl srtmed very successful. hut 
to lhe operator it wus known that the full power of the rudder had boon 
reipiired to keep the machine from either running iuio the gnmml or 
rising high ns to lose all headway. In the Lfn hi mud line one-fourth 

us.eh rudder net ion had lieen siifficitmt to give mueh Ih-I nr control. 

It was apparent that something was radically wrung, though we wetv 
for smite time unable to locate the trouble. In one glide the iiinchiiie 
mso higher and higher till It lost nil headway. This was the position 
from which JJlient 1ml find always found difficulty to extricate himself, 
as his machine then, in spite of his greatest exertitins, manifested n 
tendenev to dive downward almost vert kuiiy mid strike the ground 
head on with frightful velocity. In this eaec n warning cry from the 
ground caused the operator to turn the rudder to its full extent and 
also to move his body slightly forward. The machine I hen settled 
slowly to the ground, maintaining Its horizontal poeition iduiosi \m- 
fcctiy,and landed without any injury at all. This was very eiieonrog- 
big. as it showed that, one of the very greatest dangers in machine* 
with horizontal tails had lajen overcome hy the use of a front rudder. 
Several glides later the same experience was repeated with the sumo 
it^uU. In lhe latter ease the miujhine had even nurnnrneed to more 
backward, but was nevertheless brought safely to the ground in a 
horizontal position. On the whole, this day's experiments were 
eiieimnigitig. for while the action of tin* rudder did not s-em at all like 
that of our’llUHI machine, vet we Imd escaped without difficulty from 
positions which had proved very dangerous to preceding experiment- 
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ers, mill after less than onr minute actual practice had made ji glile 
of ipore than 800 feet, at im angle of descent of to „ and with a 
machine nearly twice us large as had previously been eoiiaidereil safe- 
The trouble with, it^ euntroL which has been mentioned, we believed 
could I pc corrected when we si mil Id have located its cause. Several 
possible cx pinealions occurred to ns, but we filially concluded that the 
trouble was due to a reversal of the direction of the travel of the center 
pressiire nt sfnnll angles. In deeply curved surfaces tin* renter of 
pressure at 00 is nenr the center of the surface, I nit moves forward 
sis the jingle becomes less, till jl certain point is reached* varying with 
the depth of curvature- After this point is ptis&ed t the ivnter of 
pressure, instead of continuing to more for wind, with the deerca^ing 
angle, turns :m<L moves rapidly toward the rear. The phenomena are 
due to the fuel that at Hindi singles (he wind strikes I he fm u tm! purl 
of the surface on the upper ^ide instead of the lower* and thu^tlii> 
|>nrL altogether reuses to lift, instead of lie mg the most effective 
part of nil, us in the ruse of the plane. Li lie nth ill hurl called 
attention to the danger nf using surfaces with a curvature us great 
as I iri 8- on account of this notion on the upper side; but ho 
seems never to have investigated the curvature and angle at which 
the phenomena entirely t-casc, My bn it her mid 1 hud never made 
any origin at investigutiou of lb*- mailer, but assmiieiL that si inrvalue 
of one in twelve would hr safe, as this whs the curvature on which 
LUientbnl based Ills tables. However, to l*e on the safe side, instead 
of using the arc of ii circle, wo had made the eurve of our machine 
very abrupt at the front, so us to expose the leant possible aim to this 
downward pressure. While the machine was building Mess is, ] In ti¬ 
nker jiiid Spruit had suggested that we would find this reversal of the 
center of pressure. but wr belie veil it sufficiently guarded agidusl. 
Accordiugly , we were not at first disposed to In-lievr that tJjis reversal 
actually existed in our mac bine, although iL offered u perfrrt explunu- 
tiuii of the action we bud unlived in gliding, Our peculiar plan of 
oontftp) by forward surfaces, instead of tails, was bused uu the assump¬ 
tion that the center of pressure would ... to inove farther and 

farther forward ns the angle of incidence became \v±* K and it will lie 
readily perceived that it would make quite a difference if the front 
surface instead of counteracting this j^suiu. d forward travel should 
in reality be expediting an actual Wkwiird movement. For several 
day* we were in a state of indecision, but were finrilr convinced bv 
observing the following phenomena (tig* I): Me had removal the 
upper Mirface from the machine and wen flying it in n wind to see at 
what angles it would be sup T >ortod in winds of dlffftfenl strengths 
We iioliwcl that in light winds it Hew in the upper position shown in 
the figure, with a strong upward pull on the cord e. Vs the wind 
becjime -tronger the angle of incidence Wauir brss H and the surface 
tlew in the position shown in the middle of the figure, wil h n slight 
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Imrktmtal pull; but when the wind liccjitm* •'till stronger il took the 
lower position shown in the figure, w ith a strong downward pull. It 
at once oveurred to tut that hen* was the answer to our problem, for 
it is evident that in tin* first ense the renter of pressure wsh in front of 
tln.i center of gravity, and thus pushed up the front edge; in the second 
case they were in coincidence! ami the surface in equilibrium, while in 
the third case tin* center of pressure hail reached n point even behind 
the venter of gravity, and there was therefore a downward pull on the 



cord. This point having Im-cti definitely settled, wo proceeded to truss 
down the ril» of the whole machine, so sis to reduce the depth of 
curvature. In fig. *> line I allows the original eu venture: line the 
cur vatu it* when supporting the operator^* weight, and line 3, thorurv* 
sit lire after trussing. 

On resuming our gliding, we found that the old condition* of the 
preceding year hud returned, and after a few trials made a glide of 
feet and soon after one of 3H9 fret. The machine with it* new 



Fra- !L—DtaamiiM Of fireMiiK* ntui eynrw 


..ever failed to respond promptly to even small movements 

i >f t he r uddt *r. 11 te i >pe nftt >r couId at i ise it to nlmost skiu»tlte grou ad. 
following the undulations of its surface, or he could cause it to sail 
out almost on a level with the starting point, and passing high above 
the foot of the hill, gradually settle down to the ground. The wind 
on this day was blowing 11 to 14 tidies jw-r hour. The next day. the 
conditions being favorable, tin* machine was again laken out for tiial. 
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This tiiiHi ttii- velocity of the wind whs I* to 23 miUw per hour. At 
first we fell xtftm doubt to the safety of Hltoiii|itimg' free flight in >o 
strong u wind, with a liiadmic of over BIN \ square feet, mid a practice 
of Jetw than five minuter spirit in actual flight. But after several pre¬ 
liminary cAperimentrt we decided to try a glide* The control of the 
machine seemed so good that wv then felt no apprehend on In idling 

bold!v forth. Am] thereafter we made glide lifter glide, .jcij. 

following [In- ground elmdy and -pmet lines mailing high In th«- jdr. 
Mr, {.■timmli- bud his rain era with him and took picture* of *oum of 
thewc glides. several of whiidi are among [fans® diowiu 

We made glides on ^uhseqiiotjt days, whenever the condUit ms were 
favorable. The highest wind thus experhiitilitetl in w&s a little over 
12 meters \ht seen rid near tv 27 miles | h-i- hour. 

It IiellE f Honour intention when building tire machine to do the larger 
ptrt uf the experimenting in the following manner: When the wind 
blew IT miles uu hour nr more we would attach a rope a-> thu iimvhuiv 
sincl Ir. 1 ! ii rise a* a kite with the operator upon U. When it si mu Id 
I'i-arh a proper height tin* operator would rn.-f off the rope arid glide 
down tn the ground ju*L m from the top of jl hill. In this way we 
tvimId lie saved the trouble of tarrying the machine up frill sifter eacdi 
glitle, and could make ul. leaat ten glides in the time ictjutred for one 
in the other way. But when we mtue t.s try it we found that a wind 
id IT mile*, pleasured hy timhard’s miviuomeier, instead *«f sus¬ 
taining the iiaiehine with II* operator, a total Weight of 240 pounds, 
at un angle of iticidenn of 3 . in reality would not sustain the 
machine alone- l oo pounds—at tbb angle. Its Ii ft ing rapacity seemed 
stairetdy one-third of the rulctilnicd amount. In order to make sure 
that this Wim not dim to tile [mmsitv uf the cloth, we constructed two 
sujidl experimental surfaces of equal size, one of which was im -pi\kof\ d 
mid the other left in its natural state; hut we von Id detect no differ¬ 
ence in their lifting \ rowers, For a time we were led to su^h-h shat 
the lift of curved Airfares little exci sed that of planer of the same 
hut further iim-sLigutimi and experiment led to the opinion that 
(li tire line mom etc r u.-ed hy us ovtfr remitted the Ifue Velocity uf the 
wind by nearly 15 per cent; (2) that the well-known Siin>atqn coeflf- 
eieiit of It,iMir» V T for the wind pressure at INt is probably ton g-reul hy 
at Ieast go per cent; (3) that Lllictithnl# estimate that the pressure on 
n curved surface liftving an Angle of Incidence of 8 e<puils n.a-Jfiof the 
pressure at ffO is too large, being marly 50 per cent greater than very 
m erit experiments of our own with n special pre^n re-teeing machine 
indicate; (4) that the super^m^ii of the surfaces somewhat reduced 
the lilt per square foot, si- eompimt] with a single surface uf ci«|in«.| 
ar ml 


Ir. gliding exp nmeiit,, however, the lunomit of lift m of less 
relative imiHirtmiee than the ratio of lifr ro drift, its this aloon decides 

En a plane the pressure ir^ always per- 


the angle of gliding descent. 
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jxmdictiliir to the surface. and the ratio of lift to drift in therefore the 
Mime as that of the cosine to tlh? wine of the angle of inc idence, lint 
in curvedsurfaces a very mnarkahle situatimi is found, The pressure, 
instead of Kdng uniformly normal to the chord of tin- nre, is usually 
inclined cmisidebihly in front of the perpendicukr. The result s> 
(hut the Uft is greater and the drift less than if the pressure were 
ijonmil. Lilienthul wus the first to dimm er this exceedingly important 
fact* which is full) set forth in his liook. Bird Might the Bzisi^of the 
Flying Art, butmvmg to some errors in the methods lie used in making 
meitstiminents + i|Uestion was raised In other invcMigutois not only us 
to I he are time v of hta figures. In it, even :i> to the existence of any tan¬ 
gent ini fort re ut all. Our experiments confirm the existence of this 
force, though our measure men Is differ considerably from those of 
LI I lent bill. While at Kitty Hawk we apcnl much time in measuring 
the Imrixontul pressure on our iintoi ideal inaehim- ut various nngb-s of 
incidence* We found tbit nt IH the imri&ontid pressure was riboiit 
9$ pounds, This included not only the drift pro|wi\ or horizontal 
component of the pressure nil the side of the surface, hut also the head 
resistenec of the fmining as well. The freight of tin 1 machine at the 
time of tills test was about pis pounds. Now, ic the pressure had 
been normal to the chord of the surface, the drift proper would have 
lieen lo the Ilf I (108 muds) oh the sine of l?i i* to the cosine of 13 .or 



pounds: but this slightly excofula the total pull of £3 


pounds on our scales. Therefore it h evident that 1 he average pressure 
on the surface instead of fwsing normal to the chord was so fur inclined 
toward the from i hat nil the head resistance of framing and w!re,s 
used in the construction wit- more than overcome, Tn a wind of 14 
iniles per hour resistance is hy no means a negligible factor, so tbit 
tangential is evidently a force of considerable value, tn a higher 
wind, which stmtaiue-d the machine at m angle of 10 , the pull on the 
scabs was 18 pounds. Willi the pressure nonmil to the chord the 

IT X H8' 1 

dnft proper "Would have been ^ = IT pounds,so that, although 

the higher wind velocity must have caused nit increase in the head 
resistance. the tangential force .ftill came within I pound of over¬ 
coming it. After our return from Kitty Hawk we begun a aeries of 
rxjmriment* to ienimtely determine the amount and direction of ilie 
pressure produced »m curved surfaces when acted upon by winds 
at the various angles from zero to 90 . Theae cxpmaicat* arc not 
vet concluded, but in general they support Lilieutbal in the claim 

•The travel of the (tatter of preafans undo it ubiwuij- to |s« Kin. I mi ihe fmnt 
mdiJt-r t.. bring thecvnurs of cnirity and j.r^ctv ini-, tui(widen.v. t 'unwnueatiy 
Ihe wdjrlit of the moehtoe vane I from 98 |*J(in-b to iOS jutnubi in the 
lefts. 
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i Ikiit tho curves give prcs-suivs more fararable in amount and direction 
i\mn planes; I nit we find marked ditTerence* in tlie exact values. 
eqicdiiJIv Ett nilp£"li fc "■ lielow in , W« were unable to nlihdn direct 
nmuMircincrit- of Etii> horizontal pressures h if the machine with the 
oja-mtur <m hoard. hut by comparing the rf bounce traveled in glklitig 
with the vertical fall it was easily cfdculfitrfi that at a 'Speed of 24 
miles per hour the total horizontal resistances of our machine when 
bearing the operator aim muled to 40 jKHinds, which is equivalent to 
about th buraapower* It must not supposed, however, that a motor 
developing this power would hi* sufficient to drive u man-Waring 
machine, Thu extra weight of the motor would require cither a 
larger machine. higher s[)eed, or a greater angle of incidence in order 
to support it, and therefore more power* It is probable, however, 
that an engine of o horatqjower. weighing' I on |Humds* would answer 
the purpose* Such an engine is entirely practicable* Indued, work¬ 
ing motors of oin-liul f this weight per horsepower (V pounds per 
horsepower) have Ih-c^js constructed by several different builders. 
Increasing the speed of our mac bine from 24 to ES miles per hour 
reduced the total horizontal pressure from 4n to a I h ail tfn pounds* 
This was quite an advantage in gliding ns it made h p^stblc to ±ml 
21 1 amt 15 per cent furl her with n given drop. However* it would lie 
of little or no advantage In reducing the size <«f the motor in a pnver- 
driven machine* t>munio the lessened thrust would he codhterbidancod 
by the increased speed per minute. Some years ago Professor Lung- 
lev called attention to l hr grin it economy which might b( s obtained 
liy using very high speeds mid from lhi> many wen- Jed to sup 
pose that ,'pei-d- of ;>o L?r +Hi mih B > uri hour were essential to -iic- 
ecss; 3>ni the introduction of curved surface^ substitutes for 
]dunes bus very greatly ivdumi tin- speed of greatest economy, The 
probability is that the lirst living machine* will haven relatively tow 
sjaatfl* iHirha}>M not much exceeding 2" 1 miles per hour, Imt the proh- 
lein of merea-dng the s[>ecd will he much simpler in some respects 
than that of increasing the speed of a steamboat: for, whereas in 
the latter ease the size of the engine must increase u- the nibc of tin* 
.-peed, in the flying muchiiii 1 until extremely high speed* nre reached 
tile capacity of the motor increase'- ira le— than simple ralin; ami there 
S'- even a decrease hi the fuel roiisumption \h v mile of travel. hi 
other words to double the speed uf :i steamship (mid the same Is true 
of the halloon type of air >hipi eight time-, the engine and boiler rapa¬ 
city would be required nod four times the fuel csaianiuptioii per mile 
of travel; while a flying machine would require engines of less than 
double the size* and there would he mi actual decrease in the fur l coie 
sumption per mile of travel. But, taking at the matter runversclv* 
the gruat disadvantage of tlm flying rmtohinr i> apparent; for in the 
hitter no flight at all is possible imluss the proportion of horsejwer 
to flying opacity is very high; Imt, on the other hand, a steamship U 
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si mechanical success if its ratio of horsepower to tonnage is Insigiiiih 
canL A Hying machine ihiil would fly at li speed of 6b miles on hour 
with engines of U'ihi horsepower would not lie uphold l>y its wings at 
sill u( a srpi-tHl uf loss than 25 miles uti hour, and nothing less tlmn em.i 
hoi'sc|mwer could drive it ;i\ this speed. Hut u hunt which could make 
4*3 miles per hour with engines of I Jhni huraepnwcr would stall move 
4 miles an hour even if the engines were reduced to I horsepower* 
The problems of land and water travel were solved in the nineteenth 
eeniurv, heeiLii>e it was possible to begin with .sttutll Achievements and 
gradually work up to our present success, The flying problem was 
left ever to the twentieth century, iMHSiuse ill thin ease the art must 1 k n 
hifislv developed Indore any flight of considerable duration mm 1w 
obtained. 

However, there is another way of dying which require- no artifleia] 
motor, fihii many workers lrelieve that sucres will lirel come hy this 
road. I refer to the soaring flight, by which the roach be- is perma¬ 
nently sustained In the air hy the same means that are employed by 
soaring bird*. They spread their wings to the wind, and sail by the 
hunr, with no perceptible exertion lieyowl that mpuml to bakuiee 
and steer ihemselves. What sustains them is not definitely known, 
though it is almost certain that it Is a rising current nf air. Rut 
whether il he a rising current or something else, it is as well aide tn 
support a flying machine ns u bird* if man omv learns (lie tut of utib 
ixing it. in gliding experiments it ho> long been known tluil the rab¬ 
id vertical descent is very much retarded and the duration of the 
flight greatly prolonged if a strong wind blows up the fair of the hill 
parallel to its surface. Our machine, when gliding in still air, has a 
rate of vertical descent of nearly d feel per mvoikL while in n wind 
blowing L*tS miles per hour up u *teep lull wc made glides tn which the 
rale of descant was Jess than t feet |>er second. Ami during the 
larger |yiirt of this time- while the Euatrhhie remained exactly in the 
rising current* there was tm descent Ul cilh but even a slight ri>e_ If 
the Operator had had sufficient skill to keep himself from p-sing 
bevoud thfi rising current, ho would have been sustained imlHinitrly 
at a higher point than that from w hich he started, bhe illustration 
shows one of these very stow glides at a time w hen the unit-bine wm 
prqetfeallj at n standstill. The failure to advam e more rapidly caused 
the photographer some trouble in mining* as you will |wrcfeive. In 
looking nl Elds picture you will readily liuderatirad that the excite¬ 
ment of gliding experiments does not entirely tm^ 1 with tile breaking 

up of camp, III the photographic dark ... 1.ewe pass moments 

of as e hrilling Interest os any hi the Held, when the image begins to 
ap|M'ar on the plate and it is yet an open question whether we have a 
picture of a flying machine or merely a patch of open sky. These 
slow glides In rising currents probably hold mu greater hope of exten¬ 
sive practice than any other method with in man's reach, but they have 
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the disadvantage of requiring nit her strong winds or very large sup¬ 
porting surfaces. I loweyer, when gliding op-Hi tors have attained 
greater skill, they ran, with i/omjwimtive safety * maintain tlminsidve- 
in the air for hunts sit a time in lids way. cmd thus by vonstnnl prae- 
tier -Ei increase their knowledge and skill that they cun i^tso into the 
higher air and search out the currents which enable the smiting birds 
to i ran spurt themselves to any desired |>oint by first rising in a circle 
to a great height and then sidling nil nt a desamdiiig angle, "Hie East 
illustration allows the machine, alone, dying in a wind of 35 miles pev 
hour on the face of a steep foil Inn fleet high. It will he seen that the 
ruuehiin- not only pulls upward, hut also pulls forward in the direction 
from which the wind blows, thus overcoming both gravity and the 
spend of the wind. We tried the name experiment wilh a man on it* 
but found danger thut the forw ard pull would become so strong that the 
men holding the ropes would he drugged from their in serum foothold 
on the -lop*' uf the hill* So this form of ex|H + rimenting was discon¬ 
tinued after four or live ini mites 1 trial 

Iti looking over our experiments of the |»si^t two years wilh models 
and full-'i/e mavbiiies, the following points stand out with dearness: 

L That the lifting power of a large machine, held staliormry in a 
wind at u small distance from the earth, is much less than the Lilien- 
tlsal table and OUT own Laboratory experiments would lead us to 
esjna-t. When the machine is moved through the air, ns in gliding, 
the discrepancy seem* rnueli less inarked, 

2* That the ratio of drift U« lift in wi'll-sha^H-d surfareH is |i-s* in 
imglis ..f incidence of 5 to Il j than nl an angle of ;\-, 

X That in arehed surfaces the center of procure at im linear the 
center of the surface* hut moves slowly forward as the angle liceomes 
less, till a critical angle, varying with the shape and depth of the 
curve, is reached, after windi it moves rapidly toward the rear lil] the 
angle of no lift is found. 

4. That with dtnilar condition** large surfaces may Ih> control led 
wilh not mui-h greater dillieulty than small ones, if ihe control is 
!■ iTevteil by immipulatiuh of tin? surfaees themselves, rather than by a 
movement of ihe body of the operator* 

e. That the hear) resistance of the framing can fie brought io a 
point milch below that usually eatimated as necessary* 

5. That tails, kali vcrtiml and horizontal, may with r-nfetv he idind 
lulled in gliding and other flying experiment^. 

T. Unit a horizontal position of tile operator's ksly may lie assumed 
without exeessive danger, and tbtls the head ndstmirr i induced to 
nboiii iMill liifth ihm of the upright position. 

That n pair of superpusH or tandem surfaces lias less lift In pro¬ 
portion to drift than either ^Lirffice sejjanitely, cvuti after making 
allowance fur weight and head reslstanee of the connceticms* 
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Many ntleEiipt* have ..made 1 ■ <■ hubu up the work nf the nine¬ 

teenth rmihiry mid to define It:- principal limy. uf juaignss, In esti¬ 
mates of the relative iniportume of the Viouks published during this 
period there has liecn Mnrne divergence! of view. Uni regarding one ?>f 
them no delimit of doubi spoiiis to have entered the minds of the 
critics. By unanimous consent I tar win*s Origin of Specie.* is mawdetl 
tt rruimmndmg position among the.works which have indurnred the 
In teller tint I life of the eentuiy* ll would lie difficult to uve rest! mute 
the effect which the doctrine of evolution has wrought. Tin- principle 
of iinh^rly Jind liEimioiiious devehipiiieut which It embodies fm> found 
ttpplkiition, not only in i-v plaining the wide diveri$ty of organic 
species, l-nt hi unifying the evicts uf history, in rlucUhiriiiLT lil^, 
origin nf hujguagfi, and in throwing light im difficult ■|in j ^tinii< in 
every deportment of luinmii knowledge* The idea of evolution may 
indeed lie traced hack through the writing* of many lemuries, Tin 1 
early philosophers, though not possranwl of the Immense enlicet ion 
of recorded phenomena l>y which modern men of ■n il aee tuny test 
tln ir theories, were constantly occupied with gmifc problem*! demand¬ 
ing the widest gene nil iKiition, In ath'iMpting to re.nut for the eanh 

in id Sts inhabit;! tits they made the tiist step^ in tin- dlrerliun which 
Darwin subsequently purs tied. 

It would he interesting to recall the strange rradUhms in which 
primitive peoples have recorded their vngne imagining* of the origin 
of tilings, lint the absence of even an attempt at careful reiwoning 
iv.n dr eg sin d i t a le s of i 10 vi due for o u r \ i re-sim t p n r | a *m ■. T! hi - i i i e i ■ k 
philosopher- wore nc at oblivious to (lie value of rent Inn ;l> a clink 
on spcriibrimi regarding the solar system, hut the instrument^ then 

''Eodseil fniin in l iii’liln. '.p ili'livT'fnt iin JhiHv y HMU T before the Minm-seLii i'iUls¬ 
ter i it tilt- flenerary iSricntiJlr Society nf fUgnm \L rniYendt* n\ Mimn -i.ui. fo- 
jiriniiil luv |n-rinb^Hin ot tlio utter revM- .n B frtmi 1 \j j >olar fkficjMe MonlHI^ 

February, 10O& 
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STEUiAR EVOLUTION. 


31 viLilnlah" were loo crude U* give accurate imHitioiis of the heavenly 
tidies. Kvi-ii Copernicus, though In-cMtaiblished tin-sun nt tlm center 
of our Jsystem. and thus paved the way for the mdmht hypothesis, 
retained the epiryehiH of the Greeks Kepler, hasing his mvestigifr* 
tk>n> upon ilk 1 ! ol.ttervatioitB of Tyeho Brftbe, proved. that the planets 
move in ellipses with lhe sun tit the focus, and removed all ve.sl Igc of 
doubt :n to the geueml plan of the solar system. The harmony which 
dianieterizes the motion# of the plaSud* imd jl knowledge of the effect 
of gmvitatjou led Kant lo formulate an explanation of the origin of 
the solar system, which subsequently found more perfect expression 
in the nebular hypothesfa of 1 ji place. 

iik tliin hypothesis Jjaplnce seeks to Helmut tor the format ion of 
(he sun and planets through the ion traction of a vast nebulous cloud 
which once tilled the entire solar .system, extending to the orbit of 
Neptune. This mu~>. which he considered to he fiery hot, was sup¬ 
posed tn 1 h- in rokniioir A* it cooled, through radiation into space, IE 
contracted toward thi- eenten The result of this emit met ion was to 
increase the velocity of rotation, and when through memisinjr velocity 
the er utrifugid force at the periphery eonnlerlmlanml the all ruction 
of the central mass a ring was thrown off. Further i-untnu tion 
resulted in the formation of other rings, in each of which the matter 
eo I levied almut it# densest part, and thus produced u planet, Before 
they hud time to cool lho.se planet* in turn threw off ring*, which* 
with the single exception of Saturn’'’ ring system, modelled into 
Hi i ell ill's. 

This celebrated hypothesis, though imsmp|n uted by mathrimilioid 
proof. has ocmpicil n dominant [mm Him since the lime of it> ptihlira- 
liou* more than a century ago* It has been subjected lo much eriti- 
lusrin but most of thi- objection# raised by Faye mu! others have been 
meL by JianSitieatLons of the hypothesis. Of late ii has encountered 
I red I attack-’ on tins part of Chamberlin ami Moulton, and it now 
seem- doubtful whether it will Impossible overcome tiledr eiatieisms, 
which ah? liaised on dynamical considerations. Ii may prove to fie 
sufficient, however T to forwaike I lie h-ntienkr iua>> of vapor predicated 
liv Laplace in favor of thn i spiral form which Keeler has shown to 
characterize so tunny nebuhv. 

The nebular hypothesis seeks to account for a system like our own, 
wherein a central hui is surrounded by planets and sate tikes, original I v 
-self-luminous, but ultimately cooled to the point where they are Imni- 
nous only through reflected light. The stars are so disijint from ns 
tlmt any planets which may attend lliiun are lieyond the reach of the 
most powerful telescope*. In some of the planetary and spiral nebuke, 
such as the limit Nebula in Andromeda (PI. I), we p rimps observe 
the earlier stages of the process of t'oudcnsatmn* hut no distinct evi¬ 
dence of progressive change has yet lieen withered from telracopic 
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observation* It! seeking fur i a VLfli‘nrr f if -tdlair evolution* Oil a phtH 

enough In include a place fur uverv star in the heaiveiiss 
we may begin with visual and photographic ot>se nations with thotelo^ 
Scope. Sim'L remark ll hie photographs a* that of the Andreim-da nebula 

seem lo bring ns inks the n r> prose.of a greater aystcnu [Hu-haps 

nm no m^riy ooimpamhlc in mj«> with the .Milky Why ihau w Ith the solar 
av^lem* fii ilie »4-tunI process of funniiEimi. Bui on account uf Lbi> long 
peril ml> of time which i is list elapse bi-fniv change* in Lids distant mass 
mav lieoofne aufficieiitly great *<> lie appreciable* and for mally other 
reason*, we could not hnpo to tm** n i-nuiplete scheme uf stellar ovolu¬ 
tion on sim. Ii photographs alone. OuroWt-viiliimiit methods must also 
include the meana of solving physical. rbrnnk-nl. mu I gravitational 
problems as they prison I theiM^hc^ nut close at hand in the luboiu- 
tory, but in Inconceivably distant regions of space. For this rc:i>on 
it would have been impossible prior to the invention of the spectro¬ 
scope to arrange the siatv neiTmling tu any dearly detim?d system of 
development The principal advance* which have Iteen made in like 
study of stellar evolution are therefore confined to the period which 
Inis elapsed since the middle fif the nineteenth century. 

Thus the investigation of stellar evolution 3ms liern mMitemtxiruitcous 
with the investigation of otgiinic evolution* Indeed, theepoch-making 
di-Hcuyerv of the cheuHcn] composition of [In 1 sun by KtrdihulT n ml 
Huiieen was made ha the year of the publuiiiiim of the Origin of S|ie- 
cie*. ]U-ftu-N- ibis discovery the meaning of Hpvctnil lines laud 1>eeia eis 
obscure as (be mraili ng of Kgyptian hieroglyphs prior to the discovery 
of the ikisrtUi atone. After it the chemical analysis of a Unr Iwnautie 
hardly lew difficult than the analysis of on unknown substance in the 
lalxtrutorv. Furthermore* it bow U^iniis apparent tluii the light of a 
star* its decomposed l iyn prism* was ctnilpetewt to detinr the staris posi¬ 
tion in a general scheme of development* hi which every advance from 
the unformed nebulous cloud on through the highest degree of stellar 
hri I Hariri to such n linal singe u- is Eypitied by the incMJii tan bedetiiied 
with but little danger of error. Before we proceed lo consider noma 
of the evidence.* of stellar <■ volution, let us examine some nf the instru¬ 
ments and metirsls without which ihe discoveries u* br subsctpumily 
diwrib^l would have Ih-gii impossible. 

f si id I confine my remarks on modern astrophysieid instrumentsto 
those ait present employed ait the Yorktw Observatory, part \y liecause 
nearly nil the relictial photograph* ruprtxluecd in the figure were 
taken with these instruments and piirEly b'itiiN of the convenience of 
i|]u-trating them. Hut before describing the great lelescnpe whidi 
forms tin- principal apjmmtlis of the observatory* I wish to point nut 
that many of llab’ most, important resulls of astnFiioniy. results which 
could im)L he olataiined with ti powerful teb\sco|w for the very rensmi of 
its givat jm over* have knm derived from the use of ieui ordinary camera 
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willi just such H lens ns is found in the ] in,- session of thousand* of 
amateur photognif ihers, Jf we In la* mi orditiHtT nuiii’iii nitd jmirit it on 
it i’Ionr night iiiwiinl Ihr Nurlli Pole, it will In* found iifU'r mi I'xjHMun! 
of one or two hours that the stars which lie near the p,.fa have drawn 
airs of circle* upon the plate (Pi, Uj. Thfc is duo to tin- fact that the 
earth is rotating upon its axis at uueli a rate ins to cause even star ui 
flic sky to appear to tnivol through ti complete circle once in twenty 
four hours The nearer the star to the pole the smaller docs this curie 
become. As wo moveaway from the tail* 1 we rind the curvature of the 
star trails growing less and fas-, until at the equator they appear as 
straight lines. 

Just such photographs m those are frequently employed in uatro- 
uominil investigation*: e. g, f for the purpose of rocoititiig variations 
in a star's brightness, which would bo shown on the plate hr change* 
in the brightness of the trail, lint for most purpose it is desirable 
to have photographs of star* in which they are represented as points 
of fight rather tkm as lines. To obtain such photograph* it is neces¬ 
sary to mount the ctuuem ill such a way that it «m fw turned a I wait an 
axis parallel to the earth s axis once in twenty-four hours. \ camera 
SO mounted Wime* an equatorial photographic tofascojie, differing in 
no important respect save in the const met ion of it. fan* from^on 
instrument like the lu-iuch Vcrkes telescope. 

But the scale of tile photographs obtained with such a camera differs 

. . tlc ff re « from 'hat of the photographs furnished bv the tele- 

scope. Here, for example, fan region of the Milkv Wav, photographed 

l.y Professor Barnard with one of the old-fashioned lenses for.. . 

employed m portrait galleries fl'L HI). StU-h a picture us this fa of 
the greatest service in all studies of the structure of (fa*. Milky \V-«v 
for it bring, before us at a single glance an immense region'of the 
sky, thus permitting us to trace the gt.ml features which are com- 

!"™ '7 "in notice ..rife* ^dori, 

'■' I' l '7 ,, - r " r '7'- J 1 ""' « l»«ked together .I,.mil, 

of the cluster cun lie dj-ttiemisherl Jf,ms i Pl ,., *s . , 

, . , . . n our ininstigations required us 

tosmgle out some ind .. star in the cluster. perhaps for I he pur- 

Z"; 1 T-;'V M,u U " flvid0| ' t t( ’“< tb. [Kir trait U w win Id 

prove uiadiHfuate far our Impose, it fa i„ mdl jt JW this (]|Jtt Jm 
instrument like the-p Much telescope cornea into pW. The camera 
imh which tin* photograph was taken has » ]«», « Li,vs in diameter 
°f. ' A lT, ‘‘h<‘* *xal length. The great telescope has a fans *i. Lf 1CK in 
diameter, of M feet focal L>nirf|| Thuntlir. i t ,t ■ 

. ... . . . e u| . uiutf the seaJcof thephotopnmhs 

*^7»P" ..liv.m i-iiv, time, ,1,,., „ STS 

tfruph* Jiiatltf Y ith thi* iv^r* I.... ™ m 


imu 

h 

un 


ipt,s rnmle V I.h the |portrait lens. Fhe portrait fan* covers i large 
■a of the ski on II Very small scale, w hile the field of the tafasrwie 
1 muted ton -mull region, which is depicted on a Jar.ale S 
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the photographs thpRi^lves (rom^Mim Fl. Ill with PI. IV), The small 
cluster. ivliii-h in reality rontuitH several thousands of stars, is rraolvctl 
hy Mr. Ritchey** photograph, taken vitli the Surge tidwcopib irihMill 
its constituent pirls. stars less than am- *cenrut of arc apart being 
rlmrly separated on this great sculp* 

Having sc k i-n this illiistmlien of Lli-o superior power of the large 
ich-seopr you intiv jwwlmps lie interested to lieeome more closely 
LirijuuintrJ H itli tin- inst rumetti itmtlf (PL V). Tho great weight of 
the fodutth hois, amounting with its rrli to half si ton* require* that 
the* tube which supports it, hem taking the place of the camera box of 
the previous ins t rum rut, shall ho of immense rigidity and strength. 
This tube* »V4 feet in length, is supported sit its middle point by the 
declination axis, which in its turn is carried hy the polnraxia, adjusted 
tn accurate psmilhdisni with Hie axis of the earth. Hy I m hi ns of 1 1 riv¬ 
ing mi vh mi is mi in the upper section of live imil column the whole 
instrument is turned about this [ndur axis at such il rate that il would 
complete one revolution in twenty four hours. Although the mov¬ 
ing part* weigh over :£<! tons, the telpsecqie ism be directed to any 
pari Eif the sky by hiuid* but this o|wtution is much facilitated hy tho 
hhs- Eif deetrle motors provided for the purpose. When on re dhvi-ted 
toward tile object to lies observed it will frequently Iieij ipeii I hut the 
lower end of the telescope is fur out of reach above the observer 1 ^ 
}muL Fur tliisfi mmm the ml ire (loot of the oWn iug room. To feet 
in diameter, is emistrimled like an elretric elevator,* which, by throw ¬ 
ing a oviiclu cun fie made to rise nr fall Through a distance of tS feet 
Tl lii> t Ijf lower eml of the telescope is rendered m-ressihle even for 
(dijects near the horizon- In order that I lie oltserviug h 3 [ I nuiy lie 
directed to any pirt of the sky the dome. bn feet in diameter, is 
mounted on wheels mid cun be turned to any desired position hy means 
of an ch etrie motor controlled from the rising-floor* 

Thu telescope is used for n great variety nf purposes in om junction 
with appropriate instrument.-* which are attached to the lower end of 
the fill a- near the point whera the image b formed* 1 have already 
shown u photograph of a star cluster taken with this telescope* Imt 
without describing the process of making il. As a mutter of fact the 
object-glass of the 40-inch telescope wits designed for visual obeorvu- 
tions, iieuI its maker, the lute A Ivan U. Clark, had no idea that il 
would ever lie employed fur phutognipby. Without dwelling ujujii 
the distinguishing features uf visrml and photographic lenses E may 
any that the former h so designed by the optician as to unite into an 
imago those my* of light, particularly the yellow and the green, to 
w 1 1 i i h t he cy e is most sei is i live, W ilh t he on I y vn ri idles q f i ipt it til glass 
which ran Ins obtained in large pieces iL is impossible to unite in a sin¬ 
gle dearly defined Image all uf the red. the yellow, l.hc green, the blue* 
aud the violet my* which reach us from a star. Therefore when the 
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opt iciu n deddcstn jH'ijJuir an image most suitable for rye uFiseryntions 
he ddibrrately dkenrds Hits blue and violet ruys, dimply lieriiuse they 
ure les* important to the eye than the yellow and green ray*. For 
this tmsonthe image of a shir produced liv u lufgu refracting telescope 
is aurroundiil by a hltm hub) containing I Ilo rays discarded hy the 
optician* These wry mys* bow even urn the ones to which the ordi 
nary photographic pi Ate is most sensitive; hence in si photographic 
telescope the blue a i ui v in let rays are united, while the vulluw find 
green my* ait* discarded. 

The 4'Mneh tdesrO|N- is of the first type, runstructiHl primarily for 
visual ub.serviitb hls In order t" ndaipt it for phutogmphy Mr. <!. \V. 
Kitdicv, uf ibe observatory statT. simply places In-fore the (Jsodiro- 
matiripbtiMi lb in screen of yd low glass, which cuts out the blue mv^ 
but allows the yellow and green mys to pass- As koehromadc plates 
are sensitive to yellow mid green light, therein no difficult v in securing 
an image with the mys which the object glass unites into a (terfect 
itmige. During the entire time of the e\|josure n star which ties just 
oiilsidle the rvgiuii to In 1 phulugra plied is olserved through an eye¬ 
piece magnifying ilia . Lers, Thk eyepiece is attached to the 

frame which curries the photographic plulc,, and is susceptible of 
motion hi two directions at right angles to each other. Iil the center 
of I he eyepiece are two very fine cross hairs of spider web illuminated 
by a smalt incandesce! it lamp. If the i>l server notices that thromdi 
Mune alight irregularity in the jiL otion of the telescope, ur through 
some ehimgi- .if refraction in tin* earths utmosjihen\ the shir image 
is moving away from the punt uf inter 'section of (he cross hairs, 
he iu-Ejiritli brings it kick by means m|' uric or both of the screws. As 
the plate moves with the eyepiece it k evident lhat this method fur¬ 
nishes a means uf keeping | he shir images exactly at like .same point 
on the plate throughout the entire exposure. With such up|mnittis 
certain data are gathered for the study of stdhir development. 

[t k easier to trace (tie smrassivB d43ps in tin development of n stair 
after it has been formed than it U to nreomti for its origin, hut all the 
evidence that Iijls been accumulated up to the present time tends to 
daow that Hiareaiv euhdrnsHl out of the donddiko masses whidi we 
knew a> nidiube. Lens than half a century bis passed duee the Iriic 
mthire uf a gmmus udntia was determined. In bkexteiisiveot^r- 
viiHonsofn-Htroimmiral phenomena 8ir Wlllkm HeraFhcl examined n 
great number of star dieters similar to llml shown in Hate IV. Ilk 
telescope whs A large one, hut it am safety lie soul (hut he never saw a 
duster .O well us this object, cun lie perceived through the aid of dm 
togntphy, lie found i a studying object After object in all parts of the 
heavens that many Hustcra could lw resolved iniu their constituent 
shir>. In 'ouii■ uf (hese clusters the Stars ure widely separated by n 
powerful iiJHtriiiuenl, ns (hey appear in this photograph* >» others. 
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cither on licmunt of their greater distance or localise Hii-^tars am 
less widely spand, the oentnd region* arc no longer clearly ratal yiiI do 
a* ohjMta. It i?s tUu>5 cjuifiT possible to imagine a cluster in 

whlrJi the stars are m closely grouped that no telescope, however 
powerful* could distinguish them *r|suruti?ty* 

Now, ns ii mutter of filet, wo find in all. [Xiirts of the heavens lumin¬ 
ous objects which inn not lie separated into stars. Some of these arts 
of definite outline and are jicrfectly symmetrical in form, in many 
cilscj* with n brillhmt star-like nucleus n( their router* These are 
known us Hie planetary mdmhv. I Hher nebulie, {iki- the gnat nebula 
in Orion (PL VI), are diffuse itud irregular and extend over great 
regions of the sky* It was lung a question whether such objects were 
capable of resolution into stars with a sufficiently ijowcufiil telescope, 
llcrsehel rightly concluded that tin important distinction can fm drawn 
between a ludiLtln and n star duster, though his son did not admit Hus 
distinction. 

Il was only after Huggins had applied lhe ^peH roseo|n< hi an utndy- 
si h uf | he light of ei mibiila that i t could lie said without danger of run- 
tnidii-tion that the phenomenon is not one produced by the crowding 
together of separate stars, but is clue to t he presence ot^it mass of incan 
descent gas. Sir William Huggins's nnmiiil of hU Jirst npertroscopic 
examination of u nebula is recoitlcd In the (irst volume of the Pnbluw- 
liuns of the False Bill Qlwcrvatory: 

“On tb 1 evening of Augii'l S"^L I directed the-nrotn'wenpe for 
the lirst time to a planetary nebula in Dniro. ! looked into the *]&rr. 
tlxisccipo. No ftjpcettttiti such u* I had exacted! A single bright line 
only! \i first I suspccU hI some displacement of Hie prism and that I 
was looking at ?j reflection of the illuminated slit frnm our of hires 
This thought was scarcely more iliuii iiiumi-nian : Mien the true tnier- 
pietntion flashed upon me. Tile light of the ntdmtii was monnehrn- 
iiiLitie, iitid w>, unlike imy other light! Ian I ns yet subducted to prismatic 
examination, could nut t>e extended out to form u complete spectrum* 
After parsing through the two prisms Jt remained concentrated into a 
mingle bright line*, having a width nirrapumling to the width of the 
slit, ami occupying in the instrument n pOftitian jl t that part of the 
spei-trum to w hich hs light belong! in refrungEhilUy* A little closer 
looking showed two other bright tines on the side toward the blue, 
all three lines being s^Mirat cd by intervals, r+daiivelv dark. The riddle 
of the indmlte wm solved. The answer, which had rutile to us in the 
light itself, read; Not an aggregation of stars* bul a luminous gas," 

With this advance u new era of progress begun. The power of the 
spedrosiNupe to dislingutsli 1u-tvreen a glowing g-,s mid si tmitsis of par¬ 
tially condensed va[H>rs like a star e-tublished il at on re in its place ns 
the chief instrument of the student of stellar evolution. It Wamr 
apparent that the unformed nebula might furnish the fctntf from w hich 
still s m e tnjide. Olwn nHons tending to this conclusion were not lung 
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In presenting themselves. In the heart of the Orion nehula are four 
MtuUl *»<ais which roiml II utv thi v well-known Trapezium, Situ.uteri us 
iVy are hi the midst of this far-reach mg ninaa of gits, it id nut bird to 
picture them as enters of condensation, toward which the pint of 
gravitational forces tends to concentrate the ga*c* of the nebula' It 
■night therefore Im exacted that star* in thin early stage of growth 
should show through the spectroscopic analysts of their light some 
ev iileuce of relationship with the surrounding nebula, Now. this is 
precisely what the spectroscope has demunstmted. Not only these 
'tiirs, hut many other stars in the constellation of Orton are shown by 
ilic sjiertroscopr to contain the sutiic gases which const it utn the nebula. 
I"or this ami other raisons they me considered to represent one of the 
earliest singes of stellar growth. 

It may be many years before the exact nature of the process by 
wliieh a star is formed from a nebulous muss is dearly understood 
Shortly before bis death the late I’rofesoor Keeler made a most impoi- 
tant discovery in the course of his photographic work with the I rossh v 
ivthvtor of the Lick Observatory. Spiral nebula- have lung boon 
known, lint it was not supposed that they were sufficiently numerous 
I.,, regarded^ type objects. The great spiral nebula illustnited 
by one of Mr. Hitcher's recent reflector photographs (PI, VII) him ton.* 
Iwen regarded as one of the most remarkable obiects in the heavens 
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If thi! IIiius sue «hirk lit; knows Ujile the light of Hit 1 : star after original 
ing in mi interior iTicundcsrent body ho* j Hissed through si of 
cooler vapors, and that during its transmission some of the light ha* 
suffered absorption. If, on the other hand, the lines are bright, he 
knows that the region where they are produced is hotter than that lying 
bctuiv. Thus a single glance at the spectrum of li star is sulMcivnt in 
give important information regarding the physical condition of its 
atmosphere. 

But the spectral lines are aide to tell a far more complete istory of 
stellar conditions. If their exact position in the spectrum can la* 
measured it becomes possible to determine the chenuml composition 
of the star's atmosphere* And hero the spectroscopic may fa- said to 
have the advantage of the aiThedogist. in that the key to stellar 
hieroglyphs Is a muster key, capable uf interpreting not merely the 
language id \i single people or a single age T but of laying lwire the 
tfCCrets of the tttnst distant portions of tile aid vet se and applying with 
ispiiil force to the primitive ami to the most highly developed forma of 
celestial phenomena* If we lake n piece of imu wire and turn it into 
vapor in the intense heat of an electric are lamp we lim[ that the light 
which the glowing iron vapor emits* when spmid out into a spectrum 
by a prism, con-fists of a scries of lines rbaraetci 3 si in illy sjMtced and 
always occupying the-same relative positions. In the same Way ivory 
other cli nicnt when transformed into vapor by 11 sufficiently intense 
heat minis charneleristic radiations consisting of grou]is of lines 
Occupying definite |iositiotis in the sjjoctram. It is thus iitsy to sec how 
the presence of iron vapor ran ini detected in tin- atmosphere uf Sirius 
or hi that of I he sun. In the sffc'Ctnini of each of those star* we lind 
li group of lines occupying the same relative positions us the lint■*- fur¬ 
nished by the iron vapor in an electric are. Hydrogen giv es an oven 
uni re characteristic group of lines, which grew close rand closer together 
as we pa-s from the red cud of the spectrum toward the violet, Phis 
group iH’i'ui> in the -pcHni of thousands uf stars and serves mi 
important guide in determining u slttrV place in a general scheme of 
stelfitr evohttiod. 

The practical titaniis of carrying out this method of research mny 
be ilhistnttcd by a reference to the stellar sfH-nlrotsmpe employed with 
the 40-iueh Yerke.-i telescope. Tho Hpi*etros('ij|)C is rigidly Attached lo 
tiic lower cud of the telescope tube. The image of a -tar formed by 
the -I 1 'ditch !eii> into tile >|N*etroscope through a slit llIhmli one 

oncthuusuulth of an inch wide. After analysis by a train of three 
prisms unhuLigc of The resulting ajM-ct rum i" fanned by u suitable li-ns 
upon a photographic pinto* In i linking the photograph it is only 
ncccssarv to keep the image of il star exactly on the slit throughout 
the exposave, which may occupy f rom one minute to several hours the 
duration dop Hiding upon the brightness of the star # 
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We have seen that u 'ingle glance at tin- spectrum of 11 star is -nlfi- 
vient logiire us important information tts in the structure of itsittitnis- 
phoie, while it study "f the position tif the lines tells wliiil chniitmt 
Hr merits an 1 pee sent. Wo might goon Id consider how tin' width and 
sharpness of the lines, togetherwith shifts in their ixisitioii toward the 
ml end of the spectrum, furnish the menus of istiuiatLtig thy dciodtv 
of the vapors anil the pressure to whieii they are subjected. The re hi- 

live intensities of.-tain lines also serve ns a dew to I lie temperature. 

Thus in the spectrum of magnesium then' is u jaiir of lines,.of 

which is the stronger at the temperature of the elertrie spark, while 
the other is the stronger at the lower temperature of the electric arc. 
In the spectra of certain stars the greater intensity of the lirst lino 
may indicate that llio lempemture is high and approximates that of the 
elc ctric spark, while in other stars the relative intensities are reversed, 
suggesting that the temperature is lower and corresponds more closely 
with that of the elycLric are. In addition to all this, certain easily 
miiasur cable ciiangea in the fHKsitioii of the spectral tines a if known 
from Doppler's principle to indicate motion of I he star in the direction 
of the earth. Thus, if the line-, are shifted toward the red with refer¬ 
ence to (heir normal position, and if wo have evidence that the shift is 
not due to pressure, we may conclude that the distance between the 
earth imd the star is increasing, while if the lines arc shifted toward 

the violet we conclude tluiL the distance between the earti.d the star 

is dec censing. As the earth's motion i- known, the velocity of the star 
in tin- line o[ sight can therefore he accurately determined. 

After this glance at the method* cm ployed by the spectroMCopist, we 
may return toll further consideration of i In- stages of stellar evolution. 
We lim e seen Hint the long-continued action of gravity tends to pro. 
due eondvasiition of a ios)iik-nl cloud. The constellation „f (>riun 
contains many examples of stars in this early stage of development. 
As the mass com lenses its temperature rises, and cor responding with 
this cist" in temperature and in thy density of the nijjors which e.msli 
tute the star we lind characteristic cbmges in I In-Spectrum sad also in 

tin- star s color. Such it . .. white nr bluUh-white star ss Sirius 

or Vega may 1m taken as representative of the next stage of stellar 
development. Here tin- broad bunds of hydrogen, which constitute a 
honor ifnl series expressible In :1 simple niiithomiitieaJ formula, serve 
as the chief mark of distinction. The conditions , m . m> t V el rip- f„ r 

the marked devi-loi. at of im-iutNc lines, though doubtless the iiumer- 

erous elements which constitute the sun, und which for the most part 
arc familiar to us on tin- earth, are present in such stars, though they 
are not iw. *bd through a study of the apeotram. ft jetrmj rh-.t , vi 

dene exists of the presem.. intn and a few other substance* hut 

the lutes arc thin and few ii, numk-r, and might be, overlooked^, a 

T'i . . . . spectrum. The period for their greatest 

***.. - vc ' The ti fc .hr m MBm* muting 
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fair above the wh'ite-hot rmi>s -rnf condense I vaipor* which coniitifciite 
thti- nucleus of tin-stun is ait this stage llm predominant t-lenient ait 
IcusE so fair us wi 1 may judge from a sftudy of the light radiation. 

An interesting question has nrL-sen regarding' the period in a star’s 
life at which the highest temperature is attained, The apparently 
paradoxical statement of Iamv*a kw that iho Unuppritiira of a cooling 
muss of incandescent vapors* instead of fulling* actually im-mises until 
jl certain stage 1ms passed* applies in the present instance. We, indeed, 
know th:it a iXHidoiiHing nebula* losing hml by radiation into space, will 
loniumc to rise in toiiqionLTiitv for tlmnsuuds and even millions of 
yetirs. A question which Iiilh revived some discussion of lute b with 
regard to the precise period sit which tlift maximum temperature occurs* 
Shaill we seek it in while stairs like Sirius or in yellow stars like the 
suti_ which represents the next well-dalined stage of stellar evolu- 
Cion I With ust instrument of extraordinary delicacy Professor Nhdiob 
has recently measured at the Vcrkes QWriatorv theomomit of heat 
which we receive from Vega and Andurus. The distance of these 
stairs Is so meoncoivaibly great that the quantity of heat which they 
send to the surface of the earth lias hitherto hem too small to he 
detected by the most sensitive instruments. Professor Nichols's radi¬ 
ometer* which. In combination with u largo concave mirror, renders it 
easy to measure the heat radiated from a man # face ^JHio feet away, 
proved adequate for the tusk* lie found thait Areturus sends n* about 
us much heat us wu should get from aicandle U miles jiway if There were 
ik> i n terveiiingat 11 u jspli i■ n, ■ tum 1 tiro t he nu id h '- inT e i is it \ „ V > ■ gn* w1i u • h 
tii the eye in pivcisoly equal to A returns in brightness, was found to 
mciuI us oiilv liailf uh much heat* H the absorbing atmospheres of 
Areturus mid Vega Were similar in character* el would follow* from 
professor Nidiob*s mill\ lliiii \ egu. though it seiid> el- less heat. i* 
reiillv the hotter of the two stars. For we know from la I oratory 
experiments that the proportion of long [henI) wave* to >lmrfc l lighU 
wae^s is greater in the radiation of the cooler of two bodies halted to 
iiirniulcseem-c. Iil this the fact that A returns send* the greater 
amount of heat would he ascribed ml her to greater -iw l ttiun to lesser 
distance* a* there is good mumii t» 1 m* 1 iove that Ills further from us 
than \ ega. 

But ii ii f< utt match- the HissiiJjikritynf ..timwphviT* of On* two 

Mtar» renders it unii'i-tuiu whetlirrstudj ruiidiisbti* ..safely hr drawn. 

This is ]j:irtieulurl_v true in view of iho fm-t that Sir Wiilbun Hudgins 
concludes from liiss[>wtroaeOp iostudin-s that the highest stage of stellar 
tetujHTuhire is mieht'd in stars lik«> An-iums end tin- sun, while star* 
like Vega art; still in mi earlier anil less highly heated lotidition. 

While some uiioTiainty must ilien>fnn,i int-vail until further investi- 
gations liave been muifilettul re<rardiiio the e\ai'i stage ut -hvliieh the 
highest atellar tempenitute* are attained, there win he little dou!>t ns 
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tin! pith which is followed when through the Jong continued motion 
ni gravitation a young star like Vega develops into it star like tin; aim. 
W i* ure fortunate in po&ft&ffug examples of n gmit number of inter- 
mt'dintr stages in ibis orderly progress (PI. V111, fig, 1). As rundensa- 
tioii continues, and ns the Yipors which constitute the star continue to 
crowd upon each other, the stellar iiuclciLs becomes denser and denser 
sind the va-l atmosphere of hydrogen gradually gives place to a much 
si I al lower atmosphere. in which hydrogen is still conspicuous, though 
it no longer predominates in a very striking manner over the other 
elements. The spectral lines of such elements as iron, magnesium, 
sodium, and citlotuiu, rise into prominence as the hydrogen lines hide. 
Meanwhile the light of the star undergoes a change of color, wmi- 
pletelv losing its bluish cast and assuming a distinctly yellow hue. 
I hero can I c lilLlo if any ileulit (lint the development of our own stm 
must cause it to I«tss through some such stages sis are represented by 
IIm spectra shown in PU VUI, fig. i, The time which lias elapsed 
since it aetjuired its present size and density as the result of the eon- 
den>ai ion of the great nebula in which the earth and the other planet* 
also laid their origin, covers many millions of years. It is fortunate 
for the study of stellar evolution that the stages through which die 
sun once passed are ail exemplified in existing stars, which for unknown 
reason* began their stellar life at widely different times. 

It will lie profitable to consider for a moment some of the remark 

Mc Pj»[.lena which are presented to us hy the sun. not only because 

of their intrinsic interest, bur also because it is perfectly safe toa*a. 

that similar phenomena, sometimes on a much greater scale. would he 
presented uther atofs, were they not at so great u distance from the 
i-ru ill ti> to ivriufii tlirin tu ttirrepoints of light* < J veit in t\w nmst |kpw vi - 
fill telescope. The suu ban a diameter of 860,(KXV miles and. as its dJs- 

tance from <1.nrth i> only S«.ut>o,.miles, an extremely small fme 

tion of the distance of rhe other stars, it is possible to observe and to 
study in detail its extraordinary phenomena, which are iuroniparubl v 
more violent thou any tiling observed on the earth. When we speak of 
the sun we speak collectively of a great number of phentmirini, some 
of which extend for millions of miles from the sun's visible disk, thief 
of these is the corona, a vast filmy atmosphere so mre that it offers 

iUlh- or no resistance to the passage of a comet, as it sweeps ... the 

siiti under the action of gravitation and returns into the spare from 

w hich it mi.. The polar streamers of ihe corona (Pi. VIII. fig 

orsts the action of magnetic fumes and offer material for long routining 
-Indy ,.f this. Ihe mos| mysterious of all the solar appendices. \t I he 
,H “? of the coromi. rising out of a ana of Hiiniu which eomidetelv 

eiu-ii ide- tin- soil, are the ... some of which occasionally 

attain a height of nearly .. e *. L ik <, tbe c<m>lia , th( . =. 

n cnees are hidden by the brilliant illumination of our own atmosphere 
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Plate I*. 



Fig. I.—Cloud-like Prominences Photographed at the Eclipse of May 28, 19<X>. 

u Hy VVfk.ni (ifH'miii)ry Fumy til iVjuk-rfart™, N . p P ft. Inr .Wttjimihit Elavil. r>f Birl.F, ftl 

Ipvur. E h >'til i^ilI. milI hhim 3nH-r, Thu hrltflU cm*j H.m ib** HsftiL uf ihl* pLimn? ihL- e<:> It 
w6,tI In Ilia cri|tTiAl 1 1L i ■ 1 ■ i,i| r ik |■-h. 



Fig 2,-Eruptive Paomi^encg Photographed i*i Full Su blight at the Kekwood 
Observatory, Chicago,, March 25, 189$. 

rt - At 19 it. +* ILL I, brcdght, milt*. ,; ft, *| 10 j». Vi In b^hl, W1.0QD E^Pf Ffccjl I 1,1111 - 

nr* wpiuclu&'tj tin the -«ileu<- s-tiL-, 
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Plate X. 



SpECTha of Fflgta Held Stars Hale *hd Ei_i_e r=w an . Showing how th| 
Dar* Sand. Due to CAfiiOfe, Increases m intensit* as the Star 
Cools. 
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and sue visible l<p tht- naked eyt? only when the direct light of the jsiui’k 
disk is p ut Bill by the interposition of the moon nt a total eclipse. Hut 
nn/lbod.-* have liecn devised by which they can he observed or photo- 
implied ou uny clear day through the agency of \i modified furni of 
eqHMdroHcope. The prominences arc eoiiMantly changing in form, 
sometimes slowly, an in the tithe of this group (PL JX, . lig„ I), a photo 
graph of which* taken at the eclipse of May £H, l pun. hy the astronomer 
royal of England in Spain* is shown for comparison with the photo¬ 
graph taken about two I louts earlier hy the Ycrkes Observatory party 
in North Carolina, Hen.- the change in E!]«■ fmm of the ma^ of gas 
which constitutes the |munmem c Is comparatively simdk hut that 
violent forces hr sometime* at work limy ■ h ■ illustrated hy photographs 
of an enaptlw prominence taken ntlhe Ivepwuud Observatory in JStlfi 
(PL IX, 5?h At the moment when the lir-d photograph wlls nuide 
the prominence had attuned a height of miles and iv:t^ rfcdng 

rapidly; Eighteen minutes Inter another picture wits token; during 
the interval the prominence had been going upward ut the rate of iUUJO 
miles n minute, and when the ox[>osnre was made it had reaehi-d an 
elevation of 3E0 j.nm» miles. When looked for it few minute* later it 
had completely disappearod. 

The court titut inn of ihc chromosphere, the nea of lift me smile Iujjmhi 
mile# deep from which the pmnunenrp* rise, increases in complexity 
as the surface of the solar disk is approached. In iis upper jtttrt only 
the vapor of calcium and the light guses, hydrogen and helium* are 
found. But in prwccilinjf downward the vapors of nuignosiniXL, Bodjuui* 
iron, chromium* and Inst of all* carbon. are successively encountered. 
At this part of tltesohr auiuj^phem the dark lines of Ihe solar spect run] 
tiik h■ their rise through the effect of absorption. 

Time does not permit si detailed description i >f the phenomena of the 
sun's disk. When photographed with an instrument which excludes 
from the sensitive plate all light except that which riiiinirterisiie of 
the vapor of calcium, its surface is found to be dotted over with exten¬ 
sive luminous regions. Associated with these arc the aim spots* the 
uiiuute study of which has revealed some striki ngly beautiful phenom¬ 
ena, which have lawn most aucce^ffutly drawn hy Langley, The 
surface of the mil In the regions devoid of spots is shewn hy the pho¬ 
tograph# of Janssen Lo consist of brilliant granules sejKiratcd by darker 
spends. Much might be said of the peculiar law of rotation of the 
sun, which nuiae- a point near the ei|uator tu complete an axial rota¬ 
tion ill HUMh less time than el point nearer the poles. Much might 
also iai mud of the periodicity of sun spots, which sit times are very 
numerous and again, us ut present, are absent from the sun's disk for 
weeks together. But enough bus already been told to indicate some 
of the chief rlmniHeristics of this .-mitral star of the solar system, 

sm mm - — -11 
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which ha. (hou.smdsof nmiitcrpiiri'. among other still's of the »mie 
sped ml clo&** 

W«-mv now appiTni^hmg tIn- last chapters in rhe |Ifo faitftory of* 
.st'ir. After the solar stage 1ms pissed the color changes from vellow 
to omngo T and subsequently to red, us the temperature fulls* The 
specLml lilies of hydrogen I jeerum 1 fainter and fainter and jikallv dis¬ 
appear wriiptotely. The lines of tlu- tiudnllie element*, on the com 
tmrv, become limit' and more compter and the changes in tlieir 
relative intensities are those which are ehnnirteristic of lower tempr- 
Jifurc*. Hitl cnrimiidy enough. there urn two well-defined clasps of 
these older stars, which until recently were not known to have imv 
points in common except their red color. These are the stars of 
Setvhi third and fourth type*. In general apticnirctniT Lheir sjn s eirti 
mv wholly unlike, particularly on account of the gihsence from third- 
■c" E 31 s>h jipH'tm of tin- broad dark Icmds due to the absorption of curb mi 
vapor* the most characteristic feature of the fourth type. But in 
apite of this apparent dissimilarity, photographs recently token with 
the \ erkes tidracope show t hut in retain region* of the spec- 

itniii stars of the two types arc prueticuliv identical and arc thus 
probably more rbasely related than formerly appeared to be the case- 
1 he uicumi iretuents and mtfuctioub of n long series of photographs of 
fourthspectra now In prngivss ;i1 the Yorlces OViftatvatorjvshcmid 
'Eson prune us to form an opinion of the nature of these interesting' 
stars* 

bi IhjIIi the third nml fourth types it h easy to truce the sueci ssive 
stages of detclppbetrt In stars of the fourth type (be signs of imreas- 
■ "fi 1 ^ - l Vi ■ Pit f t ir u I a rly st ri k i ng. The earhult vu pt if w h Eel 1 piva) uec> 

I he hruEid dark bands Iwctmies denser and denser, until it u not diffi- 
enli to imagine that through the further hierro-sc of siu-h nttsrirptimi 
the light of the star might he almost cofiiphldv extinguished \PL X). 

1 he phenomena nf the red -tars indicate that this died stage i> close 
at hand* ami curiously enough, in furl her testimony of the remarkable 
power of lh' j sp^eiroseo] n\ tin* tom! exlim-tioii of n stains light does 
not always prove suHiciont to place that star beyond the reach of this 
instrument. It is true that the sped mscope can not reveal the chemical 
composition of a solid body which is devoid of intrinsic ligbl, but hueh 
a laxly may form a system with another object which is stilt Inn litmus* 
uii'l its g my it ill ion nl power may rau.e the lumirioim body to move in 
an orhiL As we have already seem* the sperlro-eoj>e is capable nf 
revealing the iiiotjtin* of such a body. From a knowledge of these 
motions and the lime in which the involution is effected I iTls p^sihle 
to determine the muss and dimensions id the sy-teun and in some .pi¬ 
ca! ntse-n like that of Algol, the diameter ami .busily „f the in visible 

component of the pair. 
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Lunar Crater T**eqpphlu5 and Su«HCKUkD3N<a Region 
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We must look to tin- sokr ayafcftin for example# *>f stars in the lust 
stage of development, liar’ll of the planets may. in fact, ln> regarded 
as mi object of this kind. The hare and rooky surface of the moon 
afionln xi desolate picture of what may result from this lon^eotilimied 
proven of condensation, Tim volcanic region, which is shown to 
excellent advantage in a photograph recently taken with this Yntrktis 
telescope (PL XI). gives no evidence of the existence of life; in fad, 
she spectroscope indicate# that !f there is any air on the moon it is 
much too rare to support life as we know it. 

Fortunately, the moon knot the only example of n wormout star* 
The etirth, wliirh probabl} has many counterparts in the universe, k 
another example of a less desolate kind. Here, though the process 
of condensation which k the chid mu#e of celestial phenomena has 
censed^ the prol.dem of evolution has not ended. In fact, though lie 
costLiuMLl problem* which wo have con sidereal in their Unrest elements 
will not lx* eomplelelv solved for centuries. it may he truly *uid th:it 
the questions raised by the countless living organisms in a single drop 
of ditch water arc still more complex and will require a still longer 
time for their solvit LOP* 
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By Prof. J, i JaJlM, 

thrri'tl MtfTTflforjIi JvlitltHtfrph, 4 


It i* n remarkable flirt Hint in the numerous theories which haw 
been propDUndeil in explanation nf the periodic changes of the solar 
phuiiomeitn no ii<vo 11 nt Ira* yet Ih-ch taken of so important nn element 
ns Hu- light and heat absorbing Ciiveloin? surroutiding t he photosphere. 
The attention which this so-called solar atmosphere Iihs hitherto 
received, on the part even of our most eminent investigators, hi con 
■lection with the economy of radiant energy on our limiiiinry. is utterly 
disproportionate .to the importance of the subject, In spite of the fuel, 
which wan first accurately oatnlilishuil by Langl«y ! « observations and 
was afterward# coil firmed by others, that the son. if deprived suddenly 
of this protectingscreen would radiate into space us much us double 
its present tmloimt of energy, solar physicists failed lo pert five that 
changes in the absorptive power of tliis envelope tmisi entail conse- 
q minces of the most far-reaching character with respect u> the tliennal 
conditions on and in the sun- That such change* -and these, ton, of 
no i neons ide rid tie magnitude must inevitably occur, is a conclusion 
which it ts hardly possible to evade w hen it i> ivinoi 1 5 iered that the 

supreme control over the dispensation of solar it.-gy depend# entirely 

on a thin, shallow surface layer, the matter of which is constantly 
tossed about by vehement eruptions ami acted upon by a most com¬ 
plicated ft ml powerful system of convection currents tu and from the 
sun’s center. 

The possibility of variations of the opacity of the solar atmosphere 
was, it U true, strongly urged, more than twenty years ago, by one 
of the greatest authorities on this question. Shortly after his well- 
known researches into the absorbing faculty of the solar envelope. 
Langley pointed out the decisive influence on the suns radiation into 
$tpaor caused by changes in the transmissive power of its atmosphere. 

'’Reprinted, with wldUlons by the imtlinr, fnmi fullin', So. HK.\ ml, Oft, February 

1 At struct i.f u ( «i|wr in Aslr. Nadir .1 ,NV A~‘£l 3TJH) : “I’l-ber cine woo Tliearie znr 
Krklnruug dvr I VH.s lidtfit dvr soUmh Emdnamuijjtm . ’ ’ 
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Uui hi* attention was at the time solely directed toward their prol hi- 
}>le elfcctu <>n [In- temperature of our own planet. He found that mi 
UK-reudo Ilf absorption by as much n$ per cent would diniininli the 
IBeim surface temperature of our globe by IfMi while n like 
diminutioii in the solar envelope would produce a rerresjKjndiiig 
change in the opposite direction. 

Now. if iiii> influence of a change in the absorptive power of the 

■solar atmosphere is so ... on a planet at n diet nitre of almost a 

hundred mil linn of miles, of a lia), inconceivable importance must it 
not Is. - for the -mi itself 1 Drawing the very nature I inference lliat a 
deficit Ilf outside radiation means a surplus of energies working upon 
the solar matter and vice versa, we are forcibly led to conclude that 
even slight changes of opacity, such as would elude our must refined 
observations, are IkiiumI to greatly infiueuCO the stale of thermal equi¬ 
librium on our luminary. 

Hence, If changes in the alisorptive power of the suirw atmosphere 
exist, u- can not but in the case, the nm-stinu presents itself: What 
hiipjn’iis with those energies which, by a condensation of the solar 
envelope, arc prevented from escaping into spare? No doubt they 
are preserved to the sun. but in what form? Do they raise the tem¬ 
perature of the solar muse, or augment It- store uf potential energy, 
or have they n share in the generation of those marvelous dynamical 
displays which we perceive in periodic setod^aioa on the soJarsurfacel 

(Questions such as these must tend re renviwe the iiiYixstigalor riml u 

research into ..- of the variability of the forces which we see 

acting on the huh. if iml identical with, is at least closely nkiu re, tlic 
investigation of tile origin and the physical pro[» rties of the sum's 
atmosphere. 1 shall endeavor in these roll mins to demonstrate the 
possibility of such changes in the density of tie- solar envelope a- * 
would lead to alterations of the thermal conditions of the sim -mass, 
and shall make an attempt to answer the question it s t.. how far these 
ehanges must W conducive to variations in the dynamical phenomena 
iti i hr suif> riiirfan\ 

There is perfect unanimity among astronomers as regards the 
nature of lie- forre which, by it continuous generation of heat, coiu- 

|J6J1sates for the loss of energy ..space. I Idtuholtx’* I la-on which 

attributes this halt generation to (he progressive contraction of the 

solar mass as a consequence of gravitatim.. I*. regarded as one of 

. . . l fl ’ <llmhl '‘ hypotheses ever propounded in I ho Mature of 

physical science. Put this theory dees not vet cable ns 1o form „„ 
idea of l lu- evolution of a eek-stkl laxly, ft explains the eristn.ee of 

it li rat ■generating force within the star's bulk, i.nt it give:. 

In the guestton us to whellicr the loss of energy liv mdialion is ^ [lrt [ v 

compensated for by the generation of mergy tin.. contraction, or 

whether the rend,turns of contraction peculiar to the s. . r|t)t 
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perhaps produce mon* or It? >L> heat tliiui is required fur compensation, 
ft i'-, indeed, fafrineriviihlc that Hip conditions of rout Faction ran 
rcunun tbd silliit 1 throughout the lifetime of u Stur, Ibfl spectroscope 
ba» revealed the fact ilmt the photosphere*. of different stars exhibit 
widely different stages n* regards temperature. There are dnubtless 
wiihs hotter ihiin ours. and others considerably eouisr. And "i 1 tiuij 
confidently assume that tin- various conditions of temperature now 
recognized in the different types of sWr-sspectra represent the phases 
which successively appear In the evolution of each of those 1 h slit's from 
it® origin ns u far-extcuded nebula down to its complete obscuration. 
In of cut'll of these -Mrs there will l» u period when its tom- 

jicratiirr* is on the us'i'iit, and when, emisoquiuitly ■ the heat-gClierutlug 
effect of the contractile force exceeds the loss by outward radiation, 
us well as another period when tHo dfslininj' temperature of the star 
indicates an excess of the bent-dissqiutitig over the heat-plod lie! Jig 
forces. Which of these conditions. at the present moment, prevails 
on our sun can s> fur bo only ti matter of conjecture- in this lopoet* 
therefore, an a*siiiuptiini has to In- made, I he following inquiry 
applies to the case of a star <ai which the generation of energy liv con¬ 
traction falls short of the loss of energy by radiation, W botliui the 
results of this investigation may be applied to the case of our sun 
must. then, depend on the further question whether the sun really 
belongs to those stars the temperature of which is declining. So fur 
a- 1 know, this latter opinion is at present hold by tile great majority 
of astrophysicists. 

If on a slur tin; Ins- of energy exceeds the production, the kinetic 
energy of its molecule-, ami ewiseqneatly its absolute tomjjcnitiire, 
must decrease. lienee if the ten its 1 nature of a layer, at a certain 


iHstanee. . from the center wit- l , at I In- ‘ L ]ss-ii it will be 1. at a 
inter epoch t„ where T,<T,. Snw let e, Ik- the level of the photo¬ 
sphere or the level of maximum incande-* >nh', and therefore also 
of maximum radiation- at the cjhh-Ii In i-onse-pa'nce nf deficient 
contraction the temperature of this layer must decrease, mid the male 
rials composing it must cool down, so that, at the subsequent epoch 
l] K > level of maximum incandescence will have shifted toward a 

layer ,r„ nearer to the star's e. t. where the temperature is still 

sufficiently high to maintain tin- hi candescent state of nil the particles. 

The space beta . , and o. will then be occupied by imrtules mu 

less luminous state w hich act as an nl writing screen on the radiation 
cm minting from o,. Whatever fraction of the total radiation which 
originally left the photosphere at <t,. is thus stoppisl in its out wan I 
progress will In- in jmrl absorbed by. and in pu t reflected 1mm. the 
intervening articles of tin- layer and there can be no doubt tluit 
BP, no llt Wsi of this arrested -aergy will ultlmate ly be thrown back 
to „ from w hich it started. The layer must therefore act un the 
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phoiospherie radiation in the stune why as do our atmosphere and Us 
yIchhU on tlm radiation from thr soil. Wi are quite familiar with the 
h\et that clear nights nn% as a rule, (roofer than cloudy tom, and wc 
expftiiii this phenomenon by the assumption that on dear nights mdin- 

lion from the soil into space goes .lore freely than'when cloud* 

offer an effective impediment to the dissipation of radiant energy. 

Ui- i*onrlude, then, that the progressive cooling of the star leads to 
the formation of an absorbing envelope iiIhh' 0 its photosphere. by 
«hirh the dis|nv>|Hirtion between the generation and loss of energy is 
reduced. But if. under the conditions at the epoch the amount of 
energy actually radiated Into space still exceeds what is produced by 
contraction, the photosphere will inove to <>,. -till nearer to the centre, 
and the quantity of ulworbiug matter in the layer >j,a, will be further 
increased. Now. although «, emits the same quantity of energy as did 
^anilat the former epochs, the total amount of nation emereing 
ini.. *pacr must, ill the epoch t„ l*< less than it was at f. and Thus 
the opacity f.f the cooled atmosphere giudunliy increases as time goes 
on, and the total radiation of the star l>c<-omes less and less. Si nee no 
fow is present to interfere with the cooling of the hirers „ « 
a moment ^ must eventually be reached at which the photosphere'at 
<t n , through re Elect ion from all the layers above it. receives lnek s« 
much of ns radiation that its total expenditure of euerev is exactly 
Counterliulanced by the energy contributed by the contractile forces. 

Ibis result a ppm is to be of eminent importance, fur it shows that 
even on a slur with deficient cotitmeiinn the exact compensation of the 

Pf m:iy . ^ UUk frt >"> * hiver downward 

Ibis stale, s« exceedingly . . for the conservation of rnerere 

withm the star, is brought a Wait by the progressive cooling „f Its 
superficial layers, which thereby increase there power of absorption 
and thus offer a more and more effective check to the rediation from 
Uw meiiiidt^rnt lie tow. 

Here, now, we are confronted vvSth B qitesl&n lvl|idj ^ ug ftt 

once p, th. pniiciml object of this inquiry: Can the slate of thermal 
equilibrium thlis eventually attained by the layer be ^ nmtt 
lire answer is dearly negative. F,.r whoa*,. has arrived a. this state, 

none of the layers « o z . . , , .. „ Uyif reach, hI the same 

condition. Their ooolmg is bound to goon, and consequently their 

ab.htv tonEisorliand reflect the hmt emanating from .lave o must 

still fur,her increase even after the establishment. nf thermal remit,. 

../* f \- . OWm K to thl ' increasing amount of reffJtiou 

toward it llie layer h „ will now dissipate cv ,ii less energy than is 

"’"IT f,,r ,l ”' .. " r ....hwo* 

U.e-l terome overheated. Il thus cotne> to pa** that, while tlio f Um -_ 

° M (,f ,hl ‘ “ bwrh,n * —'->1- that of reducing « . .JIL 

the waste of energy from the photosphere- byers. it is. by the very 
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nature of this process* compelled to overdo its work. and to preserve 
finally too much energy within the aint* 

Now. by this gradual overheatmg of the inner layers the vertical 
teniperatii re-gradient must increase more and more, until it nauhosa 
degive iif steepness at which the permanence of n mochnnii-al cquilil> 
rium imeoznes impossible, In such it eiisr the overheated ga&cotis 
mutter will form its way outward him! will break through the ’’clonk" 
of alnmrhing elements iilmve il. But the overheated mutter will uni at 
once obey its molenilur impulse to cwiijM* Hite higher levels.» e 

must remember that there exists a powerful system of convection cur¬ 
rents between the interior and the surface of i he sun, and that the 
overheated particle* may fur some time \m swept along the paths of 
these currents and may thus lie forcibly detained its levels inconsistent 
with their increased tenqjernture* so that their state of equilibrium is 
rendered unstable* This will produce u tension which inCftquWM in 
course of time until the upward tendency of the overheated pa H infos 
becomes strong enough 0* oven*omo the rcshdntii’O of the currents. 
At .such it critical moment own u slight dislurluince will be sufficient 
to induce the upward motion so bug restrained* thus giving rise to a 
solar eruption. The c ause of n solar outburst Is therefore to he found 
iik the temporary existence of an excessively great vortiml tempem- 
lure-gradient caused l>y progressive cnoling of tho outer atmospheric 
layers ami the ensuing overheating of the inner pbotnsphcric layers. 

From this exceedingly dmpk 1 principle we are abb to deduce ail 
analytical demonstration of ihe periodicity of solar phenomena, which 
exp la his all the characteristics of the suii-£|ioi curve hitherto observed. 
Obviously, the problem cousin in cN nionstrating tin-change- in ihc 
union m of outward radiation which are caused* on 1 lie 1 one ha Fid,, by 
the increase of absorptive power of I lie atmosphere in eonsei pie nee of 
its progressive cooling, and, On the other, by the reduction of absorp¬ 
tive power of thissEiriLc atmosphere in consequence of the ‘ctarilying " 
anti on of eruptions which, by breaking through the “veil,” diminish 
the number of cooled absorbing elements fie the localities of eruption. 
[ shall not enter upon this part of eelv investigation in the present mite 
beyond stating that it is a simple application of IfougueivLjimlh-rl^si 
formula for the extinction of light and butt in an absorbing medium. 
The energy - of the radiation katviug the upper limit of the atmos¬ 
phere is found by the differential equation 


^5 

Jr 


+ "lit ~ 


where ■' dcftolt'S (In' limo reckoned from tin.' iiiotimnl when the pboto- 
sphtirh- tftv^r <t t tins »tturned lb* stjiie i>f thermal equilibrium. wnd n 
jii id ft ri-prf'^i-nt constant*. tho funner of which dr [Minds on tho into of 
rcH Jinjjf of tin- utnitwjihot*. the IntteMm the fiction of the eruption#. 
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The integral of this equation will thus gi vn n_s the t-I Ltmgios in I lie radiat¬ 
ing power of the Him toward a point in the universe. (\msiijermg that 
the ititenuity of the dyiuiiiiicnl phenomena :it. the solar surface must 
depend <pi-i the excess of energy preserved Iii the suit beyond wliat lie 
mfiiin** for the nurintmiuiirr uf thermal equilibrium at >/ r ,, we arrive ill 
th i* ft p! I r p iv mg t heoretica I eqim tion for t he fm [ i m?i i i v < p f erupti ons n ml 
spots: 

r =. [ t - *m+ ^ = =^,( i - ^ )] 
where /* is the period and 


A fc --j- v^l 

h* = —:■ 1« — vf^Hh ^ 


It is readily Men that t "laris from Kero at the moment / e, and that 
it reverts in ya'u* ill iIn* moment f /k Between zhu&ft two moments r 
attains a miixituimq iiml wn rind the time when this occurs from the 
equation. 


Now\ it can hr shutvti that the right-l mini side of this equation i> 
under all condition* <h 1>i and this the more .so tin- greater the 
diUrrence IwTiveen A, f and A s \ lienee we deduce i. e, t the 

ascent frmn zero to t j l ■ - maximum must take plnre hi an interval of 
time shorter than half the period. This eonstliutes the tirst theoret¬ 
ical proof of l hr well-known jjnqierLy of the ol^mal spot-mrvG ilia I 
the ascent is stepper than the deseeiil. 

To give mo me idea of the arnirarv with which the ii1*uve tlieorv am 
[►e made to represent the observed fart*. I subjoin a plate (rig. \) in 



which iln*- spot-curvo, resulting (mm thcorntictil considvvntiori.s in 
t-oinpured with Salters nirvf derived from oWivulion. A full 

descripti.. the .. by whii-h lliv tht-orotiesl rune lm> hern 

obtained will Ik* given in :i pqirr shortly to fee |mliJid»>d «* pm-t of 
tho lii^t volume <.f the Annul* of tho Rovnl Oliswntorv, Kriinhiiigh. 
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The theory also accounts satisfactorily for the existence of ll "great” 
period of solar phenomena. Tills greater cycle is brought at>oul by 
the infill cure uf tin; surface fluctuations of tompititnre dcscrtbisd 
above oit the intensity of the convection enrreiiis which regulate ihc 
interchange of beat Mwecn the interior and the surfmv. It is incon¬ 
ceivable that in n gieeoiH body like the sun, governed by a gigantic 
convection, changes of temperature of parts of its mass can be com 
lined morelv lit the surface. Hence we must conclude that the dlstil- 
bntion of tciu|«-'ruture throughout n considerable |«irt of the sun s 
bulk will be more or loss tdfucted by the ll actuations of temperature 
at the surface, and that, consequently, the intensity of I lie system of 
convection currents, which depend on 1 1 1 i^ distribution of temperature, 
must undergo variations similar to those exhibited by the dynamical 

|ih..Min id ibe surface. Vow the-, variations must iinet on the 

development of eruptions mol s|«ils. If the currents are weak viz, 
if tin* transfer of bent from the interior to the surface is ruiitpn naively 
small the cooling of the atmosphere must proceed rapidly, mid hi-nre 

the ... eruptions, which ire u direct consequence of this 

process of cooling, must lie energetic. ,\i such times we lime, there¬ 
fore,, to ex[n et solar cycles with a powerful display of dynamical phe¬ 
nomena. If, Oil the other hand, the currents nre intense -vik, it the 
heat supply from the interior is vigorous — ihc rule of atmospheric 
cooling will be siniill, mid we have then to expect cycles with only a 
Weak develop.nt of surface phenomena. 

Since the quantity •* depends on the nih of cooling of tin- atmos¬ 
pheric layers, it wili attain high values ui times when the sjhsI develop 
meat is powerful, and vice versa. Sow. the greater ir the greater will 
be the difference beiween A, a and K\ and, consequently, 'be earlier 
must the lime of maximum. occur. Hence the position of the nmx- 
in m m in |be spot period relatively to the preceding minimum must 
di-|H'tnl on the greater or less vigor of spot development during the 
cycle, inasmuch as the time of maximum must be the more in advance 
of the renter of the period the greater the display "f the dynamical 
phcimnicna. This iin|>urtiiiit conclusion, arrived at by purely thcoret 
ieiil considerations, is amply wwrt>bo rated by the facts. 1 refer in 
this respect ton m*nt publication of Dr. W. Liwkyer. in which this 
peculiar shift of ihc maximum is pointed mil as a feature of the 
tfomweA spot curves. 

Professor Wolfcr, of Zurich, in the Monthly \Ywither Review of 
April, 11»U2, has also verified this peculiar theoretical result by a 
thorough diseuaskm of the sun-spot observations from 174b to liWl. 
“Only'om* nwiH.” lie says, ‘-which Hr. Lnchyer has brought out U 
certain,ami one which was also demonstrated by Dr. Halm. Mb from 
the observed fads and n< a eon set, uei ice of Ids new theory of the 
periodicity of the solar phi* .. namely. * 3 P that a maximum 
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follows u mmmuiin quicker in proportion an the maximum in higher. 

Hint tht interval between minima and maxim.; depends inti- 
nuiti-ly upon tin- intensity of development of tin- spots during that 
period would BOBto, therefore, to 1* quite certain, according to L-. k 
yer's *ni! Halm's investigations*” 

In this n<n meet ion :imiii!iit into re- I i no cuDWijUtiKH' of (in 1 theory 
may In- mentioned. The above exprea^on for r\ si- already pointed 
mil. show-, that the theoretical spot-curve. after having passed 
through n maximum, returns tosirm when t j>. At (his moment the 
status <|no suite app-ar- to In- reestablished., innstimrb ns the photo- 
spheric Inyeiu, by the assistance of atmospheric reilection. once more 
receive ait exncl compensation fur their loss of energy sustained hr 
outward radiation. If tin* opacity ..f the absorption bu rrs above the 
photosphere could henceforth be supposed to remain constant, a rtqx*- 
tition of spot-mtivity would )»• impossible. Ihit since the cooling of 
these idisorptive layers, being tim necessary I'unjst^aeiiee of deficient 
contract inn. is bound to proceed, it. must dyeutually lead to a new 
wquenwaf phenomena similar to those of the prsviouH evelc. The 
principal condition for die ini tint ton of a new sjwt cycle must tliere- 
fore l» sought in the rate of cooling of the outer atmosphere at the 
moment of the reestablishment of thermal equilibrium in the photo- 
spheric layers. If the cooling proceeds mpidly the overheating of the 
timer layers will l*e indicated In a comparatively early renascence of 
eruptive activity. If. on the conLrury, the cooling progresses slowly 
a more considerable interval of time will ellipse Iwfore the state of 

unstable iHpiilthri. favorable to the formation of new eruptions 

and -pots can make ils appearance. In the first case the minimum 
will lie of short duration and the cycles wilt follow eadt other in rapid 
success sou. whereas in the second case the minimum will appear pro 
tnu-tod and the distance between consecutive cycles lengthened. In 
otherwords, the length of the period must depend <m the rata of eixd- 

iug of the atmospheric hirers. 11,-.. from what has been said above. 

il must also vary with the intensity of spot development. Cyotfle 
exhibiting excessive -put activity must have less extended minima 
and must therefore lie of shorter duration than others dUingnished 

by a fecbla display of dynamical activity. Thi- . .sequence of iin 

theory, too, appear* to t* con finned by the o Ination-.. Thu- the 
mean length of period of the cycles UOf;. 5 -1775.5 17S].7and JS33.lt- 

JMIT.5. during which the display of spot* was far above the average 

. . more than it.3 years, while the feebly ..I e vrl™ 

I7M.7 1798.3 I snut show a mean period of no less than 13.0 v ,-ars 

The object of [Ids brief abstract being merely an exiKistthm of th 
™» P**"!*" »h>n which 1 have ventured ‘to build a new sola 


ni 


theon . I shall n-( enter upon its variou- application* to the phenol, 
co.,ms fd with the jN-riodle clumps in tile display of forces : ,l 
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sun's surfiitT. In this rc^Kit die I henry "ill hr submitted tu nn 
exhaustive test in my (taper in tin 1 Annuls. Em oiim Irai^Ntriitiit point it 
involves :l milieu I deviation from the views hitherto livid. So fur 
investigators have almost unanimously nil lien si to l he traditional view 
that tin tnerc&se in the dynamical forces at the sun's surface indicates 
at tile smile time ah uuguioutntioti of his light und Leal. radiation into 
the universe. A theory founded on this assumption would have In 
account no| only for tin* extra expenditure of fun c into space, hill 
also for tie 1 simultiineon.s increased development of force in the sun. 
Hut in the theory here pro|>n*vd the exactly »ppo.-$it< eon el us ion is 
arrived at. Here the forces which «v set* ueting on the -i,n an 1 culled 
into existence by the iin nmulution of such parts nf hr- radiating energy 
aahave l>eeti prevented from being thrown otl into the universe, I Lins, 
a surplus of energy working on the sun means a deficit of energy com- 
ui unieiited to apace. 

It will Im important, then, to ascertain how far this conclusion am 
) K verified by observed fuels. Modem rtsesrchc* seem, indeed, to 



iotroborato tins theoretical result. If the theory Iwi true, the Uni* 
pvmturoof the aoJar layers inside the ul«orbii»g atmosplusio should ho 
higher at the maxima than at the minima of solar activity, while the 
IcmjieruUire "111 lady in space, which receives its heat from tin- sun, 
should vary inversely! In proof »f the first Lsouelusioii I may refer to 
Sir Norman ImckverV results with regard to the lie ha l ior of the lines 


widened in the sjwetra of sun spot, 1 -., from which he infers that the 
matter com posing the spot* must lie of higher temperature tit the 

times of maxima. The sue.. vomliisi.on the other Imnd, iscor- 

mhoiiin d hv all the more important researches which have recently 
been made regarding a connection between the changes nf toriwtrid 
tPiiipemtdre and solar activity. Of some of these I subjoin the main 

results in figure it, which exhibits ..^served changes in the imam 

..ill temporalarc at tropical and subtropical stations and the corre¬ 
sponding variations of solar activity. It will las seen that fi*i the whole 
jtenod from LS21 until lUthS the tempi-ratme cune follows most accn- 
lulely the fluctuations of the inverted sjmt i'iin c* thn* so fat [’na mg 
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tho validity of thr <t^md nuidusiiau Mutt spm-p riwivcs h'.-s hint sit 
l\u* maxima t\m t at tin* minima nf solar nativity. 

Tho H^lsir theory h«iv advanced t« bused cm a lie assumption that thn 
dun )> u cooling " slur, viz. that his ctmlnudih- i'om* is md -iillifikmt 
(u L-otiaponsjite for Sii~ nf i*nm’^y by ntdkhmi. Now sthiii^ reuson- 
run ta- adduced in fnvor of tin-a>si rllori that tin- simV mu^ run-1 U<- 
niiiinly jjitHHHK But is has U*iui urg^d by astrunmners wlu^'opiaium 
nn this point tuny i hum earnest conaidernHcui, that, in sicenrdantv with 
at well-known ihuurr.tn first mmneiutfld by Iauh\ lUv tompuruture of :l 
gan-ims lakh Hlismld rise through shrinkage. The ussumption here 
HdvoraEoil would thrrefnri 1 uppeur to he in opposition to Ijiiuvn law. 
h miLSl ht* lornc in mi ml, however, that Lane's theorem siipjn^^ the 
conditions of n perfect The t|iit*stioi( then airises n> to whether 

this [ierfn-1 ,-iaile rain 1 h- assumed to exist in the ghsenus hulk nf the 
ii-lr-tml bodies To make the question eh airly mtelligihle, l skull first 
have to [mint onl the main difference Itetwwn the stt-mflrd perfect 
gaseous state unci the gaseous state a* we actually ohsm ve it. On this 
[HJtnt I ijuntc i\ few passages from Professor Andrews’s important 
tMik 1 in the Philosophical Transactions for l*7G, Part IL pages 
jts i jm 

1. hi the idi*a] T nr, as it is ^munriidv tulLmh iby perfect gracoit- -tiite matter would 
i>Uy lmjilirUCy the I'Xtmifil foTVt* which m-t apr»n il. the vollimi- I wing a] wire 
inveiwdy jih the feiv * txUmnMy *p|jlfe.l, In thh* *un<< il would, mdtlior offer n-^i- 
nnfe to V'dnrnr rl m-r, from the action of Intcniul attnu-iivi- fun*w. wrntld it timlenjo 
:i un-sicc r diminution of voliami slizin chut due m the cxienuil pn^vuff. 

2. In ihfi unseens static ns we iili-eni- if, there utu twn dinirivt ^nisr- ■ >f jntH-riiLil 
dihhlrlfirui 1 whiMS* reslllih sire ilin-ffly op|m-H d, nnii t Un-or'lin- to ihe nuUirv .•! the 
LNL-i Ji[id !he i.m infill m-*i nf pnwnri* uml 1 . ■ n13 k-filHI n*, -imeEiTiu* 1i 4 - one smd n-iiis 
timi-H die other predominate* One nf ihen^ dWurbruin s is line t>. the luAloti of 
fntercinl fnnw liTidlng *n fimrluee :i diaiimitien of voliniji.^ c i 1 > .ifher in due Em 
mulerahir iNauUtnmH pn*iiii.ii!ji ai nvistiuu'** t^diuilnattrin ^'F vnlcirne other lhsm than 
whidi occurs in a. j^rfect jr-is. 

w>' Imve, then, tn> rnn-Mfr llim- jitwjijhlo minlltbii*ii Kitliur thr* 
fptos'v in the 'itm mv in lli:it idem I ntrt(i' mi*nMooi‘t| under (H. ^!ii<.>|i i.^ 
rhiinioti! rixi-il bj tin: rigorous fill HI Intent nf [4nvK>\ linv; nr f.ij thr 

.let: 11 lea attract each other uad thernliy o^Satire |ln> diminution of 

Vdluriif' under increasing pressure; or (Ai the mcdccuks repel each 
oilier and t liH'r. in connU-ract the dimimitinji of volume. Now. with 
ivgurd t*i th'iittraclivc nmlcnikr forivs, tin- liwarelics of i 'IihihSiim. 
viii' ‘lor WiutU. 11ml many olher |ihysidst ¥ . Jmrv ahown eoncluaivnlv 
thilt they diminish with increasing tum^nturc. At mdimtrv i.-ni- 
primtures nil liic giises, esrept jiydrogen. siiow si prp(so-n(lc-rMni'i■ 
of inolwtilar nttruclim). If the Icnipciuture misi'il. the rnnhuiE 
iittiurtivr influence of tire molecules Women sm:i!h r. mid the gus 

- Uy ftwlsbmre t.. eh now of volttmo hi to I.' umle^.U iwfetim™.f™,, Intotndl 

wliwohy tin- pm nnilwwDw ... nf volume muler 

mr * thtul 111 Ihegase of uji ideal im- ntH-viric Boyle's luv 
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a|ipmubes a stul^ in which utltmtiou r< mnterluitimr^l h\ repulsive 
forces lietween the tiiolrenles. \\ hen tills stilts is renehed tin* gits 
would appear to obey Buyh/* hre, liecauso t hi■'• molecular forivs* to 
which a dev iiiEinii from tin! Taw is dm.', noufTiilize each other. Ihit 
fmiH this Udittviitr of tin 1 gases hL low temperatures we nut yet 
conclude that tin augment at inn of Eompendure will more mid more 
approach 1 Ik- ga> t»> its lil-^nl state sis it timiling voiicliLmtu rim) ‘ but 
rniHi | mist I y I lie i nr unde-cent giises in the >uu inli-i he in ill* | rfc i-^-l 
e< nn lit tun w bicb w:i> us>iiiiied hy Lane wlmi hederivid Ins remtirknhle 
Inw. Such a conclusion would take no account of the possibility of an 
iiicreiLse in the repulsive molecular forces with rising temperature* 
Tilsit indeed the perfeel state i^ not the limd state tit which tlirgiis 
arrives when it* temperature i' ruined i- clearly shown in I hi* ^ls*- of 
hydra^eri. 

T1 ie t'i ■ st*n re I les i ^ ( W 11 d dew s k i I m v e del i n >ns1 m I ei 3 t Ii:l t Lit v < k t\ h >w 
temperatures hydrogen hehiive> like I lie other guse^. showing ii pre- 
pniidenutrc of molecular attraction* Hut already sit n t ■ -L-1 l i^ the 
ga> exhibits the predominating inlhu m e <pf repulsive forces, which 
become more stud more pronounced when the toiupemturo rises T In 
nyet itujniliiisbed |mps^r I have investigated, for a number of ga*ea* 
tie 1 behavior of tin 1 molmikr forces with dicing mg topiperature. By 
u simple luodHiait iuu of the equation of vein der WmjiIs I have sue- 
reeded in representing the isutiiirmul curve* of these gases up to the 
highest pTWiteB h i t h i ■ rt o ii 11 ni usd de { ■ h 1 h h > atm,)» Tl m * i hJ w e< | uat it n 
of slate,, which is in acrordfinee with t laudits"' equation of the viriul, 
rtmMrc us to study tin- jidiueiicr nf i ■■mpr t'Lilu re on the a! s niotlve and 
repulsive molecular forces. Ill nil ra*e* the m it ravine force* have 
heCEi found eo diminish with increasing temperature. it relish in 
accordance ivitli the outeome of the researches of rlmnrim and van 
der Wools* But the repulsive force*, or to use Andrew*'* expression: 
"’The fniirr* which total to ps'i^lsn e u le^isUitire io dimiiiUtibii id vol¬ 
ume/’ appear to imu-euse very mpuUy when the tcm [m nature is tui-ei[* 
The inVestigaliuN h-:nls to the eOlHlIstOII tlnlt id till t^ill|n™tnIV of 
the sun the pn^pondomnei 1 of repulsive foree- U Swecii the molecule* 
nf the guses snu^t he very cnit*idemh|c. But il aiu Tn? shown that 
under such eoTiditi'OTis [jine s law Itsis U h \ ididily, se [InU it o'listiid 
lmdv. cdthough gtiseous, unty shrink under loss of tetiipenilure. Hiis 
would renuive im olijn lim! to the sidrtr theory here advanced* which 
otherwise iiiighs lie urged on tlu' K grenutl of its iHUng in opjtositnui to 
a theorem field hv ttiiLii^' to runstilute one of ifie fiindaiueiitiLl laws ttt 
the e ii dutiful of stars. 

An objection mny afeso he raised sigidast (In' assumption that solar 
eruption* are rail out hursts of mutter into the higher regions of Hie 
solur nlmosphcre. Tib many astrophyshdst^ il appears difficult to 
account fur the enormous veioeitics exhibited hy tbe«e pknuuuemt on 
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the iissumption iaf their iTpix'seritmg mil displacement of matter, It 
him been urged that the speed with which mutter nni Iwa thrown up 
vnn not exceed the velocity of sound. but that the muximuui npeed 

v, hieli nm lie mis..y aligned to the propagation of sound in the 

mnmdosrent gases at the sums surface fall- i'onsideraldy short <d the 
velocities i> 1 served In solar prominence.^ Here, however, we must 
again tTenr in mind that the computed velocities of >0nr*d which have 
hcoii used as an argument against the eruption theory are txised 
ei l 1 j re!y on Hoylc : s 1 aw. I f repiilsivo isi< >lecular forces up b t like n nit o 
consideration,, the velocity of sound appears to lie greater than in the 
nise of ll perfect gas. Iej filet, it i> then no longer possible to assign 
im UpjK'r limit In the velocity of the sound wave, and lienee this argu¬ 
ment against the reality of the displacement of mutter in solar erup¬ 
tions loses its force. 

As I shall demonstrate in my pu]n?r., a careful iaverrtagHtbn of the 
behavior of gases al suds lem|iciatiires n* we may obtain in our lab¬ 
oratories. points conclusively to the fact that at solar temperatures 
gaseous matter must In- far from the Ideal -trite In wbirh Ekiylo’s law 
refers. Many of our view.-, hitherto h-netl <m this law, may have to 
bo altered, lmt the changed aspect only removes vinous ddliculties 
without in trod luring others, t have found le advisable to mid tluse 
few remarks mi I he state of gaseous matter in the sun to the original 
test of my investigation, as printed in Nature, February IH* liHO, in 
order to .show briefly that tin- assumption upon which this soldr theory 
mainly depends, via. that our sun belongs to the class of "cudlng" 
.^tar*. is reconcilable with the gaseous constitution of Ills mass* 
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KppWrwa* probably tlio lir-l (in 1(1 lt+) to attribute tlic form of 
tail* in !L ilniv+ fc fnm i from flw *tin. and to i-vpluin this 

rrpnl>M>mvs tin? result of the prusKim* rxcrbd by thiamin my* on the 
matter in tbi’ tail. Tin 1 «imv phenomenon nlfto ted Euler, in I i-ML 
In iwrtbs* a pit^tue to tlir .sohir Pftdifltii>n* mid in Pe Mairtm 

ma &£ the flint attempts t» u**r these ideas experimentally, hut he did 
not obtain si positive rcwult. 

A dim! tb iretinil tniajs for thf pr***mi of radiation was independ- 
i'lilly tiinl iihnntft ■dniidtammusty given By Maxwell in us a vtn]- 
seqtienee of the magnetic theory of light, si ml hy IbirtoLi in I as a 
eonsei|nenee of the ticvuntl law i»f Uit’nikKlyiiiitiin**** 

If a beam of psindlid ray^ w normally im id<nt on si plane surface. 
theatL] irnitt of the Maxwolh Bar-toll tight pn^uiv/'i^ determined if 
ht know 1 he quantity of energy K rwrived per ^votnl the rafleetlng 
power p of the stirf»Ci\ mid the vehxdty e of light* Knr then 

/(=—(H-p), 

1 <e 

u’ht'fC )■> v« rifts between ii fin - uti absolutely lilsu^k surface tmd 1 lor a 
(w'ldWtly n llri'litiy *iirfim\ 

Thi> pr&tsmn- in very .-jiimll; fur snlnr ray* failin': normally at the 
mirth'* distance iipuii a square niftier, tlie pm^nn'exerted U ".■> mg. 
for 11 black surface anil 'MS mg, for a mirror. 

In the experimental investigation of the ptetwute of light twu large 
source* of disturbance ariae, Ihe one tine to the wtdl-hiiu-iirii radiometric 
force* discovered by Crookes and the other to convection in tbs 
residual gus. It i* possible, however, to diminish these disturbing 
force* and to make their dfa* on the observations harmless, if the 
experiments arc made with very thin metal vanes and the exhaustion 
is carried as fur as (MmriMe by using h mercury pump “*ul condensing 
the mercury vapor by fleering mlxtuim __ 

by jicnnirtkm, fmrn The Astniplifriml J-tintal, .Imiunry, l 'sc, 
Tninslftted from an abstract tunmnimcniwl bv ilw author, < f lu> extend**! paper >'i 
Annnten dnr ITiysik, VI, -lltt-lSS, Infll. 
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17K EXPERIMENTAL tJfVlSTIU ATJnN' . *K THE T'REssT tJK <»(-' LlttHT. 

N ithout entering into the details of l lit: experimental Arrangements, 
the principle of the method employed may lie briefly explained its 
follows: A torsion thread hunt's in a highh exhausted licll jar and 
carries a vertical glass rod. Thin disks of fi mm. diameter, of Ibe 
metal to in* investigated, are attached to this rod til a distance of 10 mm. 
from its axis. If the radiation from an arc lamp is concentrated on 
one of the disks the incident mdi&tion will ex.-rt a pressure upon if, 
and it will retire until the pn^iirc due to radiation is Inlanred hr the 
torsion of the glass thread: the angle of torsion is measured bv a 
mirror and scale as for a galvanometer. This observation permit* the 
determination of the absolute magnitude of the pn's.strre (in dynes) if 
the directing form of the torsion thread is measured iti ubsoliih - units 
bv one of the well-known methods, 

Jii order to compare the observed pressure* with those computed, 

according to Maxwell and Ihirtoii, .the to noun t of energy incident 

and the reflecting power of the vane used, the same beam of light was 
directed upon a circular aperture of exactly the same size as the 
vane, and the rays pacing through were enught by it ealorimeter. If 
W'e divide the.quantity of energy incident per second, as measured by 
Ihe calorimeter, by the vt-loeity of light, we obtain the amount of 
pressure in dynes exerted by ihe light upon il perfectly absorbing - 
body, according to Maxwell and Burtoli. 

The measurements which wrif made repeatedly and with different 
apparatus yielded accordingly the following results: 
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For Nttch riimplieiittsl and ditlicull [iicusuremcnt - . a better agree¬ 
ment bvtwr.observations anti compulation can not la* expceU*!. A 

discussion of the possible errors of olHcrvatiou shows tlml they are 
tJOUHideniltle. but that within the limits of error the existence Of the 
light pressure of Maxw. il and liar toll are ijumititativdy continued. 

This result is of tin port mm - to astrophysics tia furnishing a milch 
simpter explanation uf the repulsive force of the sun than the hypo- 

theticnl ones of electrical charges. A firm basis, ... to eoiupu- 

tatioa and Assured by experiment, is thus given to the view expressed 
by Kepler. 

Physical Lxsvjtutr, Mtmaitr , tUOl , 









COMETS’ TAILS. THE <X)HOKA. AND THE AFUORA 

lit Hi KALIS. 


Bv Pmf. Joein K 


There istwdenJable ted nation al amt a theory which include* within 
it* sweep thu time-honurotl problem* of astronomy connected w ith 
comet* tails and the reason why they imint uwuy from lli< -mi: I he 
wine prominences atnl tbe cuniiin; the source of the light to "hich 

the nelmlic shine; the ..rig to and structure of.. - warm*: and the 

nuroni liumtlis; besides solving incid.. I in If n down minor nut- 

staTiding mystcrfei of thi a hfiivcna?* 

Sui'li u theory lift- 1 * 1 11 l ti luivsiiut'd li}' Swcilrii s ilistSTiffLii^h^l i Ii'-ieH’-e 
!iml 1 phr deist, Svante Arrhenius, in a paper pnblisiicd in the I’bysi- 
kulisdic Zeitschrift for Nuvemlmr. ItMHI. it- main |*iints wi-n- briefly 
mentioned with approval by no less mi authority than l*mf, -L -L 

Thomson [it .. I of his captivating ..“ lilies smaller than 

in the Annual nmnbor of the Popular Science Monthly* All 

the physical principles on which Arrhenius relics, with otic exception, 
an- explained at length ill flint article, and «re now very genentlly 
accepted, We may therefore say that the theory is lia-e l mi " versa 
cmi*nv' mid its lu-ciirdanec with known fuels is impie.—in- when 
the comparison is made in detail (leu I venture ti> think tile routes 
of Profe^-nr Thomson's article will tie interested in a mure complete 
stiUciuen! nf Arrheriin-’s views tiniii lime pcrmitt-A him to give, 

Lotus lii'gin hv taking stock of the physical principles already to 
hand. Wo know (Proto* >r Thomson’- paper) Hint corpuscles, aliuut 
1,000 times smaller than hydrogen atoms, and each h, uring u charge 
0 f negative electricity, we discharged with high velocity; 

(1) From the negative electrode in a Crookes tnhe (cathode rays), 

( 2 ) From hot Ihk lies, such as glowing metals. 

(;i) From cold metals under the lullnonce of ultra-violet light, 

U) From the radioactive substance radium. 

Again we know that these corpuscles, or ton*. in passing through a 
gai produce other tons by cotillon with the molecules of the and 
that i lit- negatively charged ions mv cajHihle of serving as nuclei tor 
tin* concfonantion t>{ ordinary nmtteiv __ 


B R^vwtl % tliu ndiNrfiwuutiac in j^pnlir Monthly, J-noiry, Urn- 

m 
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The single new principle fhtmdticecl by Arrhenius u rises in connec¬ 
tion with the problem of comets' tails." Astronomer* have always felt 
that the phenomena exhibited hy these strange objects could only in* 
accounted for by making the sun the seat of a violent nullal repulsive 
force, but were entirely at a loss to account for this repulsion. So long 
as light *vhn Hujiposnd to conn is t of myriads of corpuacle^ discharged 
wiUi a <\h'w\ of 1 -S+j s < M a j uuk^ per second* it was eiL*y, with Kepler,, to 
ivgard 13it- eorpuftcles ns fHfrvmg with thorn hi their rush the materials 
vzijK»rizi*d from the comfit hy the bent of the tfun. Hut the o^tahlhsh- 
ins'ht of the wave theory of light put tin €*tid to ilii* idea. Thu* 
Newcomb snya (Popular Astronomy); "'If tight were an en.iis.4ou of 
matcriiil jjart ivies* ns Newton supposed it to in\ this view would have 
plausibility. Hut light is now conceived tu consist of vibration# 
in a ethereal medium; and there is no known way in which they could 
exert any profiling force on matter I ^ 

Now, Arrhenius | imliit ^ nut that according to the elcctro-magtietie 
Lhrory of light a rny of light does exert a pressure on any surface on 
which it impinges- Maxwell not only proved this In Lis original pub¬ 
lication of the theory In 1*73, hut showed how to calculate its value. 6 
With the known constant.-! of solar radiation ho found that sunlight at 
the surface of tin ■ earth should exert a pressure of 0.593X 10H° grams 
on every Hpnir* 1 centimeter. This is too small a force to lie detected, 
though it has been looked for/ 


>* ThL* principle wiw first explanation esf comet* inilNhv P* I^-lMNle w 

hi mtl i WEed> Ajiu., IK [k . whim ii U ifcaSni^E oui that MucH-ril'a fomuk can 
only U> Jipplfeil biri.ali Ur n |«rtetA|yitt^irhi}ia black body whone ditnec^otaiarv 
-tnull compared wllh the wave length of the haddent light, 

^Mo^wcirrf ff.rtimlfl wa* ikdiutfd Oil thtrrnwJyiiiunwaJ gronnda hy Startoli {mt}\ 
alsM Fsijit'h Repair rL Phys p J JL p. inn, timi Buliyrnann (Wkfld,Aan. f pp r 
:U. ^il: nihI M. p. i:su t ]xs*ii, and i.;4Jta£ne i Wild- Ann., 47, p, 470). 

r t'ntll the ajipcii ranee nj ArrbDhin^s jm^r* fPhy*. Zeitscbrift, Xov, lOnml 17, 

3 H Ui all attempts lod^tirt fln> \w s-nn.-1 •i tight expftrimentiiliy luid failed, sinre fho 
*'ff^i ; -i pi 1 pi ■ I • nifcni frir I mi 1 I teen hlll4ci 4 by etna nwlieai susd radiometric ajilevfa 
,niM "h L r nnitH-r iiiagmitiile m the high vui'na i-ingitugfed, Hat immediate!v afterum-rfa 
ii wtw rtim*4<tlly u«Rim4 by U4ndrw I)irnie t Atm,, t\ p. 4:tl B lOOl} by P 
\irh.^ and I , Hull PhyHiml Heview, Xov., J«01, ^ 31*7), emplovin*; Uifb-nnt 
iiiMtli-iHlsip )mi mi both rtw - reading rranlts which mxxacJ with the ciUcuUu>l viUtwa 
within ilie limil^of emw >4 tlun ultsi^ryotlNrui. 

Arrhenius appifol (he fomiulre f.,r wuipBrmavoly Uirp- in,l j^rfectlv .l^rMujr 
e P h ®» I'^nii'lvr- nutting Icwn i„ iw.lwnlir flimeiufoM which ■■ooM not lie 
i.-.imli.J w ab^r.rhiftjj, K. SehwanMchih] (Mflnrh. B«r.. 31 M , 12D3-'«H i‘HM) 
eiriHoviiiu SjiIutuhJ IlKtuodc Bom-, Imi. Kivwi ft t ump im timth emrtml Atast*. 

. . . 0,0 P"*h» *» porf.wtly leetwlin* ... „f ^, ]V lie firth, Hwl the 

«wl.cs « mKlnqin when the -liiiuieter U f the,»rtid« is utnrfhW of « 
»»ve icnpth, lUHl «l,«, fulls ,iff ntpidly; hul this nuwinUffl, pm n ( llwat 

2 h, ‘ Vtl ' , T,‘ i H " 1ll,r ^ vitJllil,n 1 ij fl11 lh “‘ » nsjuirtil for ArrlnxiinsV 
tin-.• ry. I,i fa,*, tin* aens-ment with (hr muulmt* qw. t»| from Rrediehfn j„ tl,« 
ux, ‘ 1,1 «*»""» of SchwamdiiW'B uulyHfa, is n ,rious|v .•»«,* 
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But fit the surface of ibe sun tbe pressure would mount up to 2.75 
milligrams per square nontjmotor, (b, the oilier bund, n cubic remth 
meivr of water, which weighs I gram at the surface of the oiirtli, 
would weigh 27,47 gram* :it the surface of the sup—i. the ultrno¬ 
tion of the suit would draw it inward with about HM»i (•.* ft* forw 

with which the sun’s light would tend to drive it away. 

Very different is the wise if, instead of a cubic ..tor. wo con¬ 
sider a much smaller cut**. The ... its base would hill of M 

the square of its edge, but tin* weight would diminish ns the cuIk*, 
There must come a point at which the pressure of the light would just 
balance the weight: and still smaller particles would ltd driven off with 
a force greater than their weight. They would Indinvo, la hie I, as if 
gravity had became nfcfjjfrtive* 

For example, u cub* of water measuring one-thousandth of n '■nilt- 
Tnoter (10-* cm.) in the edge would w eigh 27.47X ln-' a £»«•? and the 
pressure of light on its la** would he 2.75* l» '■ "-***” ' l "~ ' 

gnus.—i. c.j slightly more than its weight. 

" In measuring wave lengths of light physicists ..to one-thousandth 

of ,1 millimeter by the symbol ft. The rilicml value nf the edge of a 
culm of water, i. e.. the value for which Its weight i-exactly iw-utraliml 
by the pressure of light at the suits surface, 1' thus approximately g. 
For a spherical drop the critical diameter may he calculated to be 1.5 f l 
for water. For other suiistanet's the critical value is inversely projwr- 

tiona) to the specific gravity, ... , 

A similar effect of extreme minuteness is familiar t«< ns us the expla¬ 
nation of the long time required by very small particles to seille 
through the atmosphere, amounting to many months in the case of 
the finely‘divided dust thrown up during the eruptions of Krukutoa: 
but tlic resistance to auspeuded dust particles can never exceed then 
weight, since it is only called forth l.y the motion produced by the 
weight itoelf. The pressure of light now considered may enormously 
exceed the weight, provided the ]»artie1es are small enough. ^ 

From the motions, and especially the curvature, of comet* tails the 
magnitude of the repulsive fore** to which they are object may to* 
calculated. Thus Bmlii-hin finds in four instances that the repulsion 
must have been about 18.5,3.2. 2. and 1.5 times (In* sun’s g rev mi Urn, a l 
attraction. Now, the vapors emitted bv comets are hugely hydro, 
ear boos «f specific gravity .hout <>. s. To a. -count for these 
on Arrhenius’s principle the drops must have had diameters m 0,1 ft, 
U.51> /*, O.N », and 1.25 ^ respectively, It, another r>w. ''here he 
tail curved toward the *Uti. Bredlchin found the repuUim, to b* *U 
times L rmvitv. This would indicate particle* of diameter «> ». 1 ar¬ 

ticle-of this order of magnitude, and far smaller, are familiar enough 
to us, csiK-ciallv in combustion and in the early stage* of < ondinsnhmu 
The theorv ^greVil is. then, it* folio** As the ronjrt approaches 
the sun the intense heat causes a violent eruption of hydrocarbon 
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vapors on the side tin ward t h«' sun, The hydrogen (mils oif and the 
vapor* condense into -.mult drops .if h yd eta ar lions wHli higher boiling 
points, or ultimately solid carbon k thrown out, finely divided ils in 
nti ordinary flume. The ]nrg»*i of these jHiifiole- fall hack to the 
comet, or. if they mv not condense 1 till at a greut distance from it. 
they form,tail* turned toward the sun. The smaller are driven rap¬ 
idly from the sun by the pressure of its light, witii a spwni depending 
on their size, mid form the oidmury tails pointing invar from it. 
I lint particles of 'lilJerciit skes should I r formed from the .-atur 
coniri i.’ natural. since the comet is lik.'lv to he furim-d of heieroge 
110011 * materialsatid then’ um*L k> great variety in the ctrcuiimtmicr* 
of condensation. Tiius the comet of 1714 hud f]S> li k S7t limit liv+- t\uls Ilf 
diflfeivnl mrYiiturv. OmisimuiUjr thv ^IruLst.-.l tvpuUiori on the 

-■^31 lalli 1 I nil is- ||Ett ftiuild to follow t ■ Xllfl Jy till: 1 la IV of tlio iMl'iT^r SljlUU'G 

of tin; distant>■ frotu thv sun lln ou^bout \t> whole length. This puz* 
Jclinj^ (’iri'LimsturiLt' is at onro Explained if the pariiyh** should for nrav 
rmsofi dmnge their state of njfgrrpiiioiL and aon^iuemlv their mjw, 
during tlusir headlong In the tight of this theory the fnllnw* 

1 1 ig j>: i s>agi \h will In- ft mm I vi-iy ^ aggest i y i\ 

Her#clud, Outline* of Astronomy (p. 37*1): 

r It is for the most part after thus juicing the sun that they shine 
forth in tilL their splendor, and that their tails m-qiim* their erraiest 
lengtli and drvtdoptnrnL thus iudh 'siting plainly the nction of the Mins 
ruyu »s the eieiting mmse of that e^LFiinrdiiiarv emunation/' 

Again (p. ort( 3 ); 

"Tiic tail .tf the great comet of than immediate I v after its ijcrllic- 

lion pa-sagr whs found hy Newt mi to have hem, no | ( ks than ..... 

leagues in length nod to hm.eupied <oilv two da in in iis .nik-don 

from the comet's luxfy a decisive proof this of its liejng darted f„ rt li 

l,y sonic a dive fon-e. tile origin of which, to fudge bv the di recti.. 

Mir (nil. liltisl In- sought in tli" 1 >un itself.-' 


.Now, u particle with one half the critical diameter would in the 
course of traveling from Mie aim's *urfiice ton distance equal to his 

radius acquire a ... of bid ..to | H -r second. With this 

velocity it woulil cross a s]Mice equal to the diameter of the sun 
miles, ill less than an liour. In comets' tails, we prohuldy 
have to,!., with particle* having les* than urn* Ngghteenth of the erti- 
icat diameter. Sink particle* would cover the -nine distance in less 
tlnrn four minutes. With a force many t:m®* the sunk attraction 
driving them into space, they would make little of 20,000,000 leagues 
u, two days: whereas if this vvmv to he m-compliabod against „mvj lv 

the velocity of projection required might well stagge* ... 

Ifrftirnng to Hum y - remuM. Ih-r^rhH (p. ASlh 

*1>„ fhc 3d of Oetjpber (I ho very day of the lirsi observed cmii- 
meuceuient of the tudj the nucleus, ... In-en faint and suudl. 
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waw observed suddenly }jav *‘ I"™*® 1 * ™. ut ; h ’ ,n ^' r '"! <l - K ‘ ’ 

. . . of throwing out u jet «tr stream of light from ife *"“]?£ 

nr ibul turned l -ward the sun. This ejwlioii. after eon* sig n. «hile, »■» 

rest.Hi. iiinl with miM-ii greater apparent ™.ldk-t‘.« tto « .. i I 

contmu. il with occasional interim Heine- so lr. nf r ur, tb« J“* ***"£"? 

limicl visible * * 6 These jets. though very bright nl then 

3?;^ from.nucleus, fiwU-J rapidly -w*y. nrf I™; 

E, as Ihrv expanded into the cornu, ,it i H-aw time curving 
ffiwura J st^auii; of stfilmi nr smoke would d...if thrown out from 
narrow orifices more or le-s obliquely m opposition to si 
illd aSt which lln-v were muil.le t« maW way, and ultmmMy 
vieldinw* to It- force.**) n* to hi-drifted hack imd confounded m n 
vaporous tmiu. following tin- genemj dim-tion of tlitM-tirrvflt 

lu SMJIIH impossible to avoid the following conclusions tir*. 
That W mutter Sf the rn.de.is of ... is 

dilated inti, a vaporous slate bv the artnm of the *uns rajt. estapim, 

hi SSLS and Id.- hi those point- of . surfuee ivbtcli op^jl.e 

Ii -iki resistance. J Second. '1' '1ml tin- process diieilv tabes pbre in that 
iKrrljcm of Lin* mideu* which in turned toward the -mi, iht \Hjrfr 
g£. Jt l. Ibnt diction. Third. Th„t Omi * 
l S m fr.m, |.r..in tb. <li r. <-lIv 

Z Ci Jt dlstiuiees la-hind the nucleus. forming the tail. Fourth. 

TIil,1 (Ills Forte, whatever it- nature, nets unequally on tiie mutt i.il 
rile i-iunet fifth Thai the force thus acting on tin- mate ml-of 

! i . r | M dn^ crntrifUfgnl i>v ivmdsive. u* iwjmds til* nun. ijini of All 
energy" VOrv^far exeeerlii.fi the gnivih.tine force t.avan tha Ilinii- 
MiLi-v' 7 " This will l«* evident if ive consider the tmuriiioua velw it> with 
^lue'ti tin matter of the tail is carried backward, moppwotionlKJth 

toSJ iiiotion which i. had as part of .tucleua and to that which ,* 

acquired in tin* iu*t of 

Win. describing the long, straight tail of the great comet of 
fl ,,m which n Intend tail, nearly t wice the length of the regular one, 
was abut forth in u single day, Ueratral *»y*: 


“b BAUM *■" . n * . . . , 

•The .f Ibi. «)>.*«* «•* -'•"*2 £ ???" 

tX,’u,ve- an impression of the intensity of the forces acting 
u n«.£ such a velocity of muter sal transfer through sjiae*-. ^ ; 

,f WO have t*i d‘.tl • ||1U ’J hr mulcr Huj dominion of forces 

££££*£& vmmArn «n.l «*• •» “ *»«- 


riuUiiv/' 


And \\mWy (p- 4O0)s . - 

til. w ' • , t ,1, f„, , .vf.S.’li i. m»k.- 

sa & saa 

SSSaSSSwiC^'a 1> ‘b «»- 1S,3 > 
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roMETs’ TAILS, THK CORONA, AND THE All NORA. 

fnmi near the nun's .siu-faee to the earth's orbit, vet whirled round 

ni)brok«n. in tins luHor CM.XI- through an angle a ( ilS o j n .. . 

iliiui two hours. It s™us utterly incredible ihat in such a case it is 
* 1 " i j i ' <>bj«ct wliieh t- Unis Imuidislo !. I f ibi iv 

iiMihl ii- conceived such a tiling ns :i nogulive shadow. ii LimiJib'htniv 

mipi'i-rismu uiinli- upon tin- luminiferous other belli to I (Ji .| N .-t ibid 

wonl.j iviireaont m -some degree the conception H m-h a phenomenon 
irresistibly rails up. But this i, not nil. Even such an extnuu dinarv 
i-AeiU-nieiit of the ether, euneeive it oh we will, will afford unuermmt 
t lj, ‘ proieetiuu of Intern! streamers; of the effiidon of lighi from the 
tiur eu : ,.f ti comet toward the sun, and of its snliseimenl n jortioij- 
f.ftia irregular and eupricious mode in which thm affusion h' :l -i.c,.,, 
UGBftl U i tafc(! |p[EIC-r 

passage* giv.- It vivid pi, tut I of the utter puxssledom of 
astronomers over difficulties which arise from precisely those phe¬ 
nomena which tit most naturally into the thcorv of Arrhenius. 

riiK pitoMixKNcss am> the corona. 

At the moment when the sun's disc j* olwnimi in a total eclipse 
enormous red Homes, so met) mis curving over town is I tin *nn ami 
sometimes llosiLtag like i- kinds at heights Up to -kuHHi miles uljove his 
surface, are projecting over the region of -sunspots. where tie- 
.'ini si-iopEiie net i idly is greatest; and Bit very streamer-, with n nuiiitj 
st nieture form a lems->hai*:d envelope uinna tin- smin- region often 
extending to a distance of several times the sun’s radius. 'tJu'-s,, tllf . 
known as the prominence.-, and tin eortirm. 

The sum must itself project vapors into spu*. When these con¬ 
dense, the drops will, if larger than the critical sue, full f WL -k to the 
sim, giving rise i,, the curved prominences; and if smaller, tliev will 
be driven olf lute spaee. and he seen tts the streamers of the colon* 

Sums- iim eruptions will not always he (Mirpendie. . L,. the sun's -,ir- 

fat-e, (l„- prominences will often exhibit iwinbnlj,- curves. arid (l,,, 
streamers tuui not always fie striellv radial. though lie- ^renter ourt 
of this effect i> to lie attributed to the foreshortening under which 
some of til cm in viewed from the earth. 

I hose particles which have approximately the critical diameter will 
tlom ,us clouds, sustained by the pressure of light. This ; 

interesiing sine,- it 1ms I km-i, difficult tone,,.uni for ih,- „ JJtin 

tmimn eof tie- ehmdhk, pn.. es w ill, out assuming.ssktew* 

Of a eoi, Kid, I ableatmosphere alxmt the sum Yet the .. . of IgA* 

. ;■ . „ i I ii .. .. ... 

. ndiu. from h» vltl, „ ™|qcil.r ,.f 8M.fc, 

“Sr"" TT " 'MW... . ri'liirdition' 

Tim (Populu Astnmomy,,, lT“ 

“ . ... is no t u mass of foew or miltv j; ,i * , . , . i " 

stnir run like long tufts of Qay. * Of M ^ ' , ll,ls il bwt 7 

Of this ajijx'iidage ne ma v 


roarers* taius the coitoNA. and the a r kora. lsr> 

«ly with wnrilflriliT lllHt it mil Imt In 1 :m I hut ir*, iL i-<m- 

tiituoii-S nuiv- itf i.'la-jlic lifld up hv il" oil'ri i-f L i[ * 

Whnt, thi n, is theenmim^ Probnbl) detached parHdex purtiuth or 
wliollv bj ihflillten*e bait to which they are ex|vwod* * ~ * 

The difliegU ijuedh»n which we meet is, Hom sire these ]JHllieIrs Iidd 
Up? To this ijuc-sthjn finJy vonjerttiml replies mil be given*” 

Three inpujodtiiivsurp then mentioned. of whirl] wo nw_v nul* 1 thoK^t; 

ft *That the matter of the ruroim i> in what we niiiv <■’nil a ^tutv uf 
projection. 1 n-iuj.f conshmt.lv thrown up by the smi + while cadi purtide 
tliuji nrojeHid bills down again m-eeming to (In* law >T gravitation. 
Tlu- dUlic-iilty wv etieuuntcr here i-> that we inu-i supin^e vd'ndtie-uf 
projection rising 2 i> high as 11 jfb■ - p^rsecond constantly maintained 
in every region of l Ij l h solar globe. 

“The prog lin cun - hit of two dusses the cloud- 1 ike and tin- erup¬ 
tive, The best elu*s jhv^iih eIsl- appearance uf elouds floating in an 
atmosphere: but us ilh■ atmosphere dints? 1 enough Eo sustain any 
Cun possibly exUt there, we Imd Hit* same ditlu-ulty hi nmiuntmg for 
them thut wo do in accounting for tin* iutsjirnsion of the matter oF i lir- 
cotomi." 

Professor Young is frankly d> ^|imdiig: 

“l dn not know whnt to make of the nnromi. 15 * * By what 

fori vs the peculiar radiated structure of tin 1 rui’una k ddoruiined I 
luttr fin ddihitr jflcu. Tin" analogies of tftttf «ntytirtll 

tftrrrtu Ixith appear suggest sve; but on the other hand, Hie * 1 * ^1 a 
of the corona, like aurora homdis. t!i-- unuis imd the tudmlv nr? 1 nil 
different* mi two in the trust alike. * * * Nor hare ] any theory 

to ]>nij h >s?■ it i mn faint fos" 11ie wrftiin t *mn . < tmn h* ttrst u tf isf *trbanc*-x 

t*f th h atj:r* t' rtwfttrh i ttitf *tf T t* j ‘/ r f <1 turtgri t * i*m ." 

The words; wr litive iiiiLderlliied in r]ib p:i>^e litivi almost u Sipho- 
Cklili irony U* n lender nr?pullnh^l. with Hjl' further iIfVi*|[iptniHits uf 
Arrbcnin-^ tln j ury^ i** wliieh wr imw turn. 

TJ1K jlODlArAI* LTmiT A> U T!SK I! KU IINSI'H KIN. 

N"nt ntily is tiie suit the suture* 1 of iliu.si* eruptions "f unit miry mutter 
which form the |nt5iniEieu?vs. but we !mve errry nwn t?> Is* Is iievc 
thui he must emit -l reams uf e!ir tricsilly eh a roe? I eorjiiL^-h-s Isith 
dJiTotly, ns n hot hedy + ami imlireeth. sihiv the elerlrieul .iiM-liar^es 
whirls, lu-rordinjr to all terrestrial min logics* must ur-o mi ptiny the 
eiulent die n I kail n? tic ms going on near hU surftl? L e f will when tliey take 
pliuv in tin- higher and mivr regions *sf his ntiao^phere T give rbe in 
Uni ie ii l?* ra vs, in el these* in tui r ij, lu Kuntgi*n ru,y>. As I mfessor 
Thmusou 3 «iys: h \V> n very hot au-tid einit^ these corpus? IEl di»*s 
nat seem an improbable hyptln^b f-ltHt they ure emitted la that i Jb i '3 
hot ImhI v. the nun/ 

Now the negatively eharged l orpuseles are preeminently tith d 1o 
serve ?as mieh-ffor the eondensntioii uf the ordiiutry matter* Hence 
lht>si* j?aiit ivies oi the laihr which, having more than the critical diam¬ 
eter, fall Uiek Uj the sun, will eurry Inu k ..gutive eliaige m him; while 


isii 
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thij.M 1 which bun’ less than tlio critical diameter will carry « negative 
charge off into spire, On JmtJj i iimt-H ip com mi will In- left will) a 
surplus of |K)-4tivL* charge. Tin? arguments bold for the* vapors 

cmilled by tin-.-leu# of it I'cmiH, Thus cnlm-ta tails should ronsiat 

of in^ilively i-liargi-d pi.irlu:h>. 

Let a* follow ibi- career of the particle launched Into *[>nee, They 
proceed radially from the sun above the regions of sun apot# with 
rapidly in .-reusing speed, which, however, may be shown to approach 
a (mite limit at a distuin ' of about ten radii from the sun. ff tliev 
encounter another both.-mvli ns the earth, they charge its outer nt mag- 
pdjei e negatively, and when this charge readies a certain value, it will 
iK-ein to repel liiem. The oncoming rush will lx- detleeb-d, and .stream 
piLsI the earth oil melt side in hyperbolic orbits. Par out in spitis- llu-v 
Iiut-'l sooner or Inter meet pu-ticlcs from other bodies, and, if by col¬ 
lision or agg.i-gut hm they increase beyond the eritieal din meter.' (bey 
will first lose speed and then drift buck with ever in dressing rein-itr 
l>«-st the earth, dim tiv to wan l the sun. Tin- space immediately behind 
the earth would lie screened by her. mid so lie , nid of pirtides. Could 
ive take our stand on the muon, uv should tints see tin- earth attended 
by it faint double tail with a dark dividing line (so conspicuous u fva- 
Imv in run ids i, immediately Ih hind it. [jointing from the sun; and n 
similitv, though perhaps fainter, tail, pointing toward him. Nut only 
so, blit the earth helps to form her own tail, tor w hen the negative 
ehatgt- in the upper at uiosphm- is high enough, discharge.* an- brought 
about by the powerful ultra-violet radiation from the Mm. ami purti- 
eles are driven off radially from the earth on tin aide turned toward the 
sun. only to lie drifted hark with lie- other streams into the tail. The 
effect w ill he as if a dlfttf of light projected from her toward the sun 
LVunjxire with lid ihe description of the zodiand light (Newcomb' 

Pupublf Aritrrmodiy, ]r . U *>y: 


■■ This object consists of a very -oft faint column of light, which jhiiv 
. stm rising mnn the western horixon after twilight on tun clear 

wmter or spring i- veiling; H may also lies .. rising from the eastern 

horizon Just heft in- daybreak in the sumnn-r or nut,. [ r |. flJl 'n v 

> xtyw smt on each dde or lim situ, and lies nearly in the .'dam- ,,'f'ifc 
ecliptic. * « * Viur the equator, where the ecliptic Jlivuvs rises 

b gf. HlK. VC the horizon, the light ; a. seen uUu.te.,nailv Veil 

" %t,ir 1 .. ' l; * (illc 1( j a lens-shaped [ipia-udLeo- of 

* " JtJ * M,tl •>»! ■< 111 lie bey e,al the 

entindv unknown V U |*‘ T't lh « elmmales is 

t rituviy .... known. | njfi-s t ir \\ tight, „f Vide College, Hi ids 

11 ‘V, J'ontiimons. Accepting this, we dumb! fifcrf to 

he rom-bisioij thill the phenomenon in tjutttirui U due to ,e[|e,-ted s, - 

light pn.l.ab|y fi-om *.. cloud of meteorites filW I , 

space between the earth mid the sun." " ljt 
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The difficulty Tn lliis view is that the orbits of such snaiiH- nf 
meteorites ns arc known to us mv distributed in-guWly m it h regard 
to the ecliptic. On the other bund, Arrhenius's m minis of particles, 
wla-n near ''imuyli he visible, m-ce.-surily lie ill or m-ar tfcfl edipiir. 
as required 1>v ohscrvittiitti. Mon* tliu.ii tilt?-, the purlit'lis emitted I■ v 
the earth herself .should he most aim mini it over tliO'e region- which 
have born exposed for iiuiny hours to t lie sim, .Now it has been 
oltscrrrd tlmt the zodiacal light is Strongd on whnt Arrhenius rails the 
"evening side” uf the eurth (i- e*, that side which is in the m l of 
turning away fttxm the huh, and 1ms the sun in the west) titan tm the 
"morning side.” 

Even at night, when the sun i- lieluw I lie horizon, faint rcltevl.ioti* 
should reach us frmu the «1 reamers la-hind the earth, mid by mi effect 
of persp ctive, these should have a maximum in the i>oint opposite to 
the auu, Vptwin they will appear most dense. Let Professor Newcomb 
describe the (iegenwlii'in: 

’"Another mysterious phenomenon associated with the /.odiacul light 
is known hv its tier wan appellation, the < iegemscliehi. It is said i tmt 
lit thnl point of the heavens directly opposite the sun there is ini i * 13 i |>- 
I j,'ul natch of light, a few degrees in i-xlent of such cslremr faintness 
that it tain Ih- seen only bv the most sensitive eves, under the he.-t con¬ 
ditions, and throughllie clearest atmosphere. This jihenomenoii wenib 
»o difficult to aceoiint for that its existence k sometimes doubted; Vet 
the testimony in its favor is til llicu It to set aside. 

Haw is it that the moon does not exhibit such tails i The moon has 
no atmosphere, so thul the particles which reach liergive up their nega¬ 
tive ('large to her directly, and It spreads equally all over her surface. 
When in turn she herself discharges the particles, it will b 1 uniformly 
in till directions, and she should appear surrounded with u uniform 
sheath. Possibly thin sheath of m-.mie.il dust affords the reason that 
in itlunar I'Ctipertlie shadow of the i-urLh can !»■ traced u short distance 
beyond the limb of the moon ..«rh -ide. 

TllK AURORA mil: Ha I.IS, 

Perhaps the most interestingapplication of Arrhenius's theory i- his 
explanation of the Aurora. In a well-known experiment the streams 
.d rii'C.ili"- particles forming cathode rays Hi a lYookns tula- are 
exposed to a magnetic tield, when they are seen to descril*- helices 
round tin-lines of force. If the field is powerful enough they may 
thus Ik‘ beul into n complete circle inside a moderately large tuba. 

Mow’ the negative particles discharged from the sun arrive . t 

thickly over the equatorial regions of the earth, which are most 
directly exposed to him. Long before they read, nny atmosphere 
dense enough to excite lateimSStcnco, they are caught by the lines of 
force of the earth's magnetic field, which are horizontal over the equa¬ 
tor, and have to follow them, winding round them in helices whose 
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nulii :m* «i much loss than their height above u- that the effect to a 
beholder «u the earth is as if they moved along the lines of force. 
Over the equator there is Jjftle jjuiUmrsmiCf*, for liutk of atmosphere. 
Hut ii- the lines of force travel north and smith they Hip down ward, 
making for the magnetic pule*, over which they stand vertical. Soon 
(lie |»irlirle> lind Llicui-selvrs in hover layers of the ariimsphere. com¬ 
parable ill density with our highest artificial vacua, and la*gin to give 
mil the Hurting ami shifting lights of the cathode ray. But this eon 
only be at the cost of absorption, and 1 • v the time the denser layers of 
ntr are reached their energy is exhausted. Hence the dark circles 
POu ™l ^e magnetic pole* from which, a> front ln-hiud u curtain, the 
leaping pillars of the Aurora rise. From (his jKiint of view it is sig¬ 
nificant that I »r. Adam Biuben, who has made a special stud v of the 
northern lights, found so many point - of correspondence between 
them nad nithodc rays that in J .HJM lie wils led to regard the aurora 
ns a special nise of the (utter, though unable to give msv account of 
their origin in the uppo-atmosphere, such as is supplied hv Arih.nins's 
theory. 

I he jnost obvious test to which we can subject such a theory is to 
ask from il some explanation of the very remarkable periodic vtirin- 
tioiis in the frequency of aurora. If they are caused by streams of 
particles ejected from the sun. there should be some connection 
between the changes m the stm’x activity, as indicated by the Dumber 
of sun spot s. and the number of an rone observed, learn, since a 
negative charge in motion is (pace M. Cremieux) equivalent ton tiega- 
live current, the passage of electrified particles through the upper 
atmosphere should affect magnetie instruments on the earth. Sun 
s|kit.-. aurone, magnetic storms should therefore vary together. 

It has long 1 n*i*ii known empirically that they do agree in a general 
wav. A rr he a ius V discussion of the muss of statistics of observed 
mi rent* forms so sinking an example of tin* ■■ Method of concomitant 
variations v that at the risk of wearying tin* reader we >huil give it in 
H>mi a dvtmL 

1 , Shut* *<■ t uftir/x rh„U —(a) Hot Ii sun spots und aurora* show marked 

maxima at tin* middle of the eighteenth and ..ad of tin* nineteenth 

wnturies* 

W s "" S \ M,U ' and magnetic storms go through a *h,iul- 

tuiii'Ons iiicrea.se and decrease in the well-known jieriod of ll.l rears. 

IId* sourer of these slow variations must is: looked fur in the little 
iiudewtood variation* of the euo% activity. 

l -The number of nunira is greatest in March and 

.S ptmubcr. and least in June and December; and the mean freq. . 

for both hemisphere* is somewhat less in Jam* than in Diremher * 

Now the sun s activity, as indicated hy tin* mimU*r of sun spots is a 
minimum at Ins equator, the sjwto occurring principally in belts about 
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15 north and si cut El nf hrs i^uritui, Sinn 1 the t r a t ':i i r i" of paitule* 
issue indltiMy from the smg the earth will in- m.oyt exposed to them 
w h* -ii sh e is i m is I ] n air t v oj >j >os i tc t lie net iv v I pe!t>. 1 tut t h e on rt h ?■ t in ids 
opposite the suit's n jiiiati n fc t>n June 4 mid December tj, and is at Hai^r 
farthest north and south of it C7 k e, l\, most nearly opposite the -urn 
s|kat )h;lts, him March "■ mid September IS. Moreover, she ir- stsmr- 
iv hat nearer Ui the sun in LVceinbrr than in Juno. 

As hettveen the two hmnisplieres the same conditions apply ns those 
which regulate tin- .^Casons, viz, altitude of the sun ieIhjvc the horizon* 
and length of timo during which ho remain* above it daily. Aimjne 
should the re fo iv lie inure frequent re summer ilum In winter, u result 
which is verified by the records. And just ns the highest daily 1 ■ nt- 
pvmlnie oreur* friitn two to three hours nftcr midday* .so wo ought to 
find a daily maximum of aurora- about 3 p. in. El b m-i possible to 
verify this directly. ?d nre mi mm* are not visible in daylight. Hut 
Arrhenius remark* il) shut the iimjorjlv nf them iK-<-ur before mid¬ 
night and not sifter if. which is so far in generai agreement with the 
theory; (3) that t urlhrim < tyIfcnskiold, discussing the observation^ 
made at Cupe Thordseii in Spilriiorgim during the winter of is&'j >j t 
with u view to corrreting the numbers recorded for thi effect of day¬ 
light in roneenliiJg them. deduces a prolrdde tiiuxiimuiL for the number 
actually occurring at 3,4ff p. in. 

lint though wc ran not observe aurora' in day light we arc not with- 

fait resource, for even when invisible tbev gn c nut Lee of their pivsenec 
l\v disturbing the ordinary cou rse of the records photographically taken 
in our magnetic cphservatorics H In iHUtl Van Ueminrlni discussed the 
records of such magnetic storms taken in tifctuviii. He found that they 
show maxima in March mid September, minima in Jumiurv imtl June* 
and 11 daily maximum at is p. m* f anti inininuim at L u. tii. 

o. Mttidhly It is only' recently (LKflS) that the t:u1 tee turn 

of statistics ipf nurono published by Eekholm mid Arrhenius has 
brought to light two curious monthly variation* to their muiiU-r. 

Our of these, with u variation of tier cent on ench side of the 
mean* depends on the involution of ilu* matin in her orbit, showing in 
the northern hemisphere fi maximum when the iiukiii i* farthest south 
uf the equator., a minimum w hen she is farthest north; am I vice cm sa 

fuE' the southern hemisphere. 

The explanation appears highly ingenious* It is a* follow*; The 
moon. ln?ing tinprotected lpy r an atmosphere* 5> charged by the stneums 
of particles that roach her much as the outer layers of our own atmos¬ 
phere are charged, and therefore, as we huve good reason tu Mieve,to 
ei far higher negative [wtenUa! than is olpierced at the Hiirfnd" of the 
earth. If so, she will seriously affect lhe number of miiww at any 
place over which she stands, by lowering the ptiteutial gnuiieul, and 
thus reducing tin- mmtberuf negative dischargi^ in I he Iiighe^ regions 
cif mir atnin-jiheiv. 
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The other variation of some in percent each way has n period of 
days and nffrcis 1 h itli liviiiisphrrt'ii alike. At lirsi it is 

i in turn! to refer rtiis to the synodical time of revolution of the '■mi on 
his axis ie determined by observations of sun spots. Itirl this is i7.3 
Remembering that the earth never depart* more than T from 
the sun s (sjuntar, we -liould ntlher take the time of revolution of the 
equatorial belt for comparison. A* estimated by the motion of the 
faculie, this is si(jH’. days, the equator moving faster than ihe .sun-spot 
belts, and probably the time of revolution of the outermost layers, 
from m Elicit the part ivies stream, is yet u little shorter, Tim iigreeuicnt 
with the |H'riod «.f the aurora (’25.113 days) would thus lie within the 
limits of error of the obsethratiune. 

ATM* »t-n van ‘ m.nTklCiTV. 

Let us now trace the etfevt of the aurora* on [he earth's at runs] the re. 
If they are really cathode rays mi a grand settle, they must ionize the 
air: the negative ions will form centers for condensation, and sinking 
to the earth In gravitation, will charge it negatively, leaving the layers 
at moderate [mights positively charged, Tfiis agree* with the results 
of recent obsorvutionB made fnmi lull for ms up to heights of 8,000 
[inters. 

Since r-nmlensation wifi depend on tin- Hu tidier of ions available for 
nuclei, we have at once an explanation of the curious fact that elmtd 
formation in ihe upper atmosphere is more copious j n years of frequent 

iiurorro than .. they occur rarely. In this connection another odd 

coincidence may he mentioned. When sun spits are ntimorous Jupiter 
shines with n white light: when they ure few his light has a reddish 
tinge. Now. it is agreed that Jupiter is still at u high temperature. 
If, [hen-fore, sun spits cause a it rone on Jupiter, and consequent cloud 
format ion, a t* must see less of the heated interior in sun-spit vears 
I Iran we do when his cloud layers an* not so opaque. 

In |stn» Von lUzold showed I hat the daily variation of the coin piss 
over the earth's HIirface could In* simply re 11 rest*ntoil its follows: 
Imagine two |»>int*. one in latitude to N.. iuid one in 40 S.. to move 

To .I with the nun. Then it is as if the north end of the compass 

needle wen- at traded toward the northerly point anil the south end 
toward the southerly. Remembering that the nir immediately alaiVtt 
the earth hits a positive charge, we see that this effect would follow by 
Ampere's rule, if the situ'* lout caused two air wiiirls. one in the 
northern and one in the southern hemisphere, over the places of highest 
tem|nuutun*. the former rotating counter-clockwise., the latter dock 
wise. Such Whirls would result from the sticking in of currents from 
the slower-moving north latitudes and the faster-moving south latU 
tndcs toward the mean latitude of 40 . it. the northern liemisphora, 
iitid similarly for the southern. lr this hi* the true explanation, then 
for a given frequency of sun «potn tin* amplitude of the diurnal viirfn- 
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timi should inerease by I lie same fraction of itself for nil i^rt-s irf this 
earth. Thus, if A U tin' amplitude at a given place iin a year of no 
sun spota** and A its value lie a year for which Wolf*s number express, 
ing the relative frequency of spots is f. we ought to find A A 
fl+rtf)- ^ T oiv r > i] n- vuliti* of the rtxtliiit'u t a come* out iMhw #4 from 
whatever I.«irt uf the world I Sir ubsemiiimis Isi- taken froju which il is 
till cabled. 

MF.TKOIMTFS AND NEBULAC, 

To the tUHiL of scumee thi* discussion of tom-arial details will 
probably be the most rutiyiiichig purl uf Mil' evidence adduced by 
Arrhenius for bis theory, But il is time to turn from i! and folhvw 
with tagging ittmginutmu the destinies **( those particle-^ h\ far tin- 
greute^t number,, w Erich miss the r-i il Ei muL t hi- planets and tsiiimdi 
forth into interaUrifar space. 

Many of them will meet similar streams ejected from nth it -sues 
and. oven ■inning the mutual repulsion of their negative charges hy their 
mighty velocities* will Hash together, like Lucretius's iitolus, and unite 
to form huger masses* But this aggregation must liave an end* For 
if, in the void of space, they urn unable tu get fill of their electric 
churges, the potential of the growing inih- must rapidly increase. since 
the charge increa.scs as the cube of the radius luring proportional E>» 
the total number of particles while the ea[*aejty for holding electricity 
ord v illemixes us tlu* niditLs itself. To put this hi popular 3auguage, 
each particle brings to the account the whole charge il cwn tieur on its 
surface; I nit in the mass, since electricity flies to the surface* onU the 
outer parts of those particles which me actually in the surface can Iks 
useful in liiirborbig the acetinittlating charge* and hence the electric 
pressure rises. When it beeoinos in tense enough b* prevent fresh 
particles from approaching, accretion will reuse. SjhicO will rims he 
sown with masses of moderate size, funned irregularly, particle by 
particle, in spile of repulsive fom-s These are the metcoriDs which 
blaze fora moment in ihe upper ftir, nr in rare eases reach the earth 
to puzzle philosophers wish their porous structure* 

Another multitude of the particles w ill at last reach other suns. 
For if in their wanderings they have united with others till they utv 
beyond the critical size, they will br drawn in. nnd raise the charge of 
tins bodies they reach, till they in turn discharge their breams into 
spare. 

In these we see she - fc greyhounds “ uf the abyss, engaged in dis¬ 
tributing the materials of the universe, f<m?ver lauded in a cosmic 
traffic bv whoHis exchanges the stellar hosts are made more and more 
alike ill eonstftiitio!i, whatever may have been their differences in the 
beginning. 

For those myriads which are fated to escape all visible suns* far out 
in tile ** itamlng In muds of -pace” (he ncbulie lie in wail, spi'etiding 
spider dike their impalpable webs across mraMUurnble breadths of sky* 
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Ever since the spectroscope showed that many nebulas are gaseous, and 
vi‘t sliin* 1 by their own light, two prohlonui have vc»’<l tin* astronomers. 
Hon cun they k* hot enough to send light to (i\ and yet In 1 held 
together against I In* expansive force of the heated gus by the feeble 
gravitation which such inconceivably diffuse masses titn exert at their 
k>rdern i If they tire really at a tcmjienituro of not less than 50t» C-. 
so is to shine, or, indeed, if they are much above absolute aero, their 
own gravitation should not l>e able to prevent their speedy dissipation 
into space. 

Again. why do they show the stn-et roscopic lines of so few gases, aiul 
those the lighter ones, such as hydrogen and helium i 

According to Arrhenius, the nebula* are cold, with the cold of erupt v 
space. Their light Is due to the ruin of negatively charged jjarrietes 
which, plunging into their outermost regions, give rise to electric 

discharges and make their giLses shine as the gases in <t van.tube. 

To this the intense cold k no bar, for Stark has shown that the inten¬ 
sity of light excited in a vacuum tube is greater the lower the tem¬ 
pi'tutu re nl which the experiment is tried. And this process should 
take place at the surface of the nebula, where the lighter guse.-, would 
Im' found, the heavier settling inward. Hence the few lines found Iti 
I be spectrum uf a nebula, and the coinpamtrvr brightness of the out¬ 
lying parts, c‘specially to be observed in the planetary and the ring 
nebula*. 

Such is Arrhenius’s theory. It i- too early, us yet. to pronounces 
any judgment upon it. but glancing kick oyer the*Array of hitherto 
unexplained facts which fall into order, w ithout forcing, at its touch, 
we must admit that it is at least plausible. It springs from a, single 
principle, itself a iiece.s'.sirv thcorr-tiral couset|Ucnce uf the accepted 
electromagnetic theory of light v iz, that light must exert a pressure 
which, in tin* case uf small particles, fnay very greatly exceed tin ir 
weight. Hj means of this princ iple in conjunction with rivent v iews 
about the nature and properties of ions, which can all be experimen¬ 
tally verified, this theory gives a rational explanation of the astounding 
behavior of comets’ tails; accounts for the "hairy" structure uf ihr 
corona: shows us how tin* prominence-' can lb tat. where I he existence 
uf a supporting atmosphere is inadmissible; what is the origin of the 
stud men! light ami the (iegensehein; of "the certain con nee Lion ” 
tM-twccn sun spits mid magnetic storms; of the aurora, and why it is 
subject to such complicated periodical variations; why meteorites are 
porotut and limited in size: how the nebula* shine in the absolute cold 
of interstellar sjau*e, and yet hang together; and why their rtmvtjtu- 
cuts appear to k* so restricted, while the mm among which they are 
stnvvn give evidence of most of tin* el.. known oti east It. 

A theory which sweeps the astronomical horizon of so many mv* 

. . "** «»ly arouse our profound interest, but claim the 

iv^pertfiif i^ohriidemtion of men **f M.di'iU'u* 
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Everyone who lius used a tel^eope know* l liar tnir atmosphere is 
forever in pu^siting motion. and CmuMing cmr vision of tlte heavenly 
fMiilirs, during tin* most rbudlean day or night, *o that observatories 
iii'i* put oven cjh high mountain, to get rid of ttif disturliaiwr* hi thiM 
atmosphere, which tend to make the image of every ohjce-t tremulous 
mid indefinite' find to prevent what tlmfUftronomer trnn* '‘giW seeing/* 

I ili’Mrc to *[>eak to the academy about a dcvtofe which I have rmmtlv 
essayed for preventing this uniVE-r^alty known null dreaded “ toiling" 
of the telescopic image. it difficulty which hm existed always ami every- 
where since tHc^eupe* have been in use* unci which list- seemed *0 iiurnr- 
tsumiilaHc that I believe it has hardly ever been thought of as subject 
to c'orn'itkuki 

Hitherto it Iwls hern the endeavor of astronomer*. >0 fur us I know, 
to secure u more tuna puli image by keeping the ait in flu* teleHcope 
lube, thi rough which the mys paiss* a* i|uict as possible. and for this 
purpose the walls of the tube have been made 11 outbid noting, and 
extreme mi uh have ! mm mi taken not to set up cur rents in the tube. 
With tbeati preaaistiisiis the "seeing'* is perhaps 11 little totter (hut 
very 1 ill ho Hum if none were used at all. the main difficult y Jim i js.lt been 
always found iusiimmmitaMe* 

I hare bend led for some year* tn eon* ider the sunlit inns under w Inch 
tills * toiling^ presents itself, H i* tint necessarily due L*. a high tem¬ 
perature of the external air, for the most perfect definition I have ever 
seen of any terrestrial object was obtained hy sue long sitter in the 
Harvard i Yd lege Observatory at t-ambridge* with its great equatorial 
Ieles4 fc fi]ie i when, on the hottest day that I ever knew in si New England 
sniuiiiH% I directed Et with 11 high power on the distant "south mark/* 
which J expected tn It lid almost htdistiitguishiible from the *• toiling/' 
1 tvmHiilicr mv extreme surprise when, under u ntaigaifving power of 
Sm, 1 found 1 he image a> still its the (mrs of an engraving. Thi^ was 
an extiaordnmrv exception tn ordinary experience, and led me to take 

■■A |i;i|N-r pn**fltiiflt [ |fc tlis NiUcaw! Aejvlvtiiy td Srjnncrs, Xovcmtor 3 L h , 
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un intrust in tin: subject. I have since pursued tin import- tn which 
this eimiimtarno first directed my attention, and I him done so tit till 
altitude*. nt our tinir residing on 1-W for this puqtosc. noting that 
gvgii on hi^li mountains [elrscupir vision mis so far from lieing filwuvs 
rlt ar iliur H was sometimes oven much worse [linn nt sea level. 

1 ^ iT ' t orne u - tbc important conclusion thitt while tins ordinary 
“!™% r ■* ilut ' toft ^ the niv between us and the son or star through 
whit h the ruys pass, the greater portion of it is due to the air imme¬ 
diately near tn, probably within a feu hundred ytmLu or even feet 
fmin the telescope, anil ibis has led me (oast whether it win not j* H - 

sible thill some way to art upon this air notiM U- found. Its nc.. 

foi mitt ImiLi to (IcfontittiuDi) of till* image too romp lex to uiinlv/c iiere 
which are caused not only by la lend vitiations of the inn ,-of m : vs but 
liv its rlongution mid contr^u^ion, 

K.,r this purpose I have. within the last few months, linen mu king 
experiments at the Smii banian Astmphysirtd Observatory; first with 
a horizontal tube Ian ing three successive walls with air sp ;l .', between. 

winch was intended to give the maximum security which freed.from 

changes of temperature could afford. This observatory, being princi¬ 
pally concerned with rays hot studied i„ „„ farmed |,y ivltertloli 

has no large dieptn. telescope, on which account these experiment^ 
have licen made with a reflector, 1 have no reason to suppose,, how- 
ever. that they will not Is- oipialjy successful with a dioptric t('lesco[W. 

A large part of tin* “boiling*' of the image is due to air without the 
tulle, but a not unimportant part to (ho air within it: and in the pie- 
11 mi nary experiments the uir, kept still in the tula' bv treating it with 

the ordinary precautions, was ..I to have little effect on the ordinary 

boiling of the image, which so seriously prejudices I he definition 
An image-forming mirror, fed by a coelostul. was placed at the end of 
this Inple-walled tul*, which wiw iteelf sheltered by u canvas lent and 
contained tile -tilli^t air of the.'most uniform temperature which could 
lw obtained. The *■ ladling” was but little diminished merely by inclos¬ 
ing the beam by this tube, which was only what had auticiimted 
from the ordinary experience of all astronomers. 

The device which l had determined in try was one of n parudoxiral 
character, for It proposed lo substitute for this -till air, which *nv» 
the usual troubled image, Agitated air which It was hoped would give 
a still image. For the purpose of this new experiment. il,c horiwmtnj 
telescope using* reflector of 4" feet focii*. fed |, v codostat t.hrom-h 
the above tube, was «umectctl with a fan run by an electric motor 

which whs arranged to draw . the air from tin- inner tube at the 

same tune that i t forced air in at different joints in ir~ length. >„ n: , p, 

-1 may meatlnn hens that mj lam,. . fried, HenryC, Draper,mwts 

that aidtatniK the amenta at » hitnljibMe of «.r>w, j.ri™.jJLs! itadeiiSfan. 
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llin.s violently disturb und eh uni tin* air along all thfr |>utli of the Ihhiii 
from the mdostat tn the solar image. 

This first experiment gratify’ingly nsUiccd the "iKiifiiig »ml pr<>- 
iluml mi im:ontostihlv stiller image ihun win*it still air «ii» UM*tl. 
it full hi'r test, a scries of artificial doithle stars was now provided, and 
the emuuive mirror, acting both a^ coHiiiiator nod objective, brought 
die images to focus, whew they w» mwmjiwd wilh ilfl «yvpim\ 
With tln> util lest air obtainable the image* wow uui nlwrp t iuul only 
lilt* coarsest doubles we're resolvable. Then flu- 1 1 lower wits stnrlei I 
■mil the definition immediately became sharp. Violently sUrriiifj the 
nir in the tube, then, eliminates nil or nearly nil the " bulling "f tlm 
stellar image which arises within the tube tfeelf when using ordinary 
still air- This experiment rmieerufid the nir within the honxontnl 

tube only. . ± \ 

I have in xt taken up the solar image funned by the mi true m the 

iiliove tnlie. This is clearly improved by the 'tiering, J have also 
wished to try a ttj Im- something like a prolonged ilew nip, I ml which is 
arranged to be melineil toward the sun. The nir in both tan in 1 
Stirred together, hut experiment has not yet gone far enough to 
demonstrate whether it hns. ns is hoped, any superiority commetitm- 
iiite with the special tiirrhtitiieal difficulties involved. 

I,mi riot prepaid! In give quint i tali vw estimates, which I hope to 
furnish later, hid all observer* to whom I have shown these early 
results on the sim hunt agreed. that if the "MINT WH * ll " t 

ourtd, wind remained was hut u small fraction of that .. w, | J 

sttlhdr. I have not eompletcd these experiments which I am still 
pursuing at tin- observatory, but they seem to me in gin; pnmdjCiof 
an Iiiiproven!enl of miiveiMi! interest to oWvors, whirls pintitn > - n 
making ..£ this early witiounwdtenl. I Had ho|wd to have shown the 

Acnihmiv m . photograph* U.e am taken. first m lh« ■"rimtiry 

wav. and again, with the ehnrrnd air, but the condition bother tho 
Min and of the *kv of late has prevented my obtaining them. I euu. 
Lo I„v regie!,.y give hem 11 photograph of the images of the urtl* 

i-}eJ duitbto *t:irh si* seen through onliiutry tis dlrtingiUMit-d 

fnmi those lim* uientioDj&d, of urtiticml '*gi.Hnl m-hiij*- 
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The property possessed by cerium ImkISs-^ t*r emitting invisible mid 
penetrating raya was unknown -dx yenr> ago. I he -jieenluttons* 
brought uWul by the experiment.- of M, lloentgvh led to the exam- 
1 nation of material I'm to i E* any of them 3im I the power uf emit- 
ting similar mdliitions; the phenomenon of phosphors« nee naturally 
wns first thought of, I icing n known method fmr the tmnsfcimmtinii 
nr id enuKrtioii uf energy, 111 Is aim, however, could not uppHen l to 
the phenomena with which we tire occupied* but it win* very fruitful, 
[t led to the i liiitec, among phmphnresecnl bodies, of the -all^ of 

uranium, of which flu* r*pticuJ constitution w re. rkaUe mi ma oiinl 

(if the harmonic series of the bands of tludr utasorlition mu! phosphor¬ 
escent spectra. ft was while experimenting with these hod lew in lStld 
thut 1 first <i I served thft now phenomena which 1 urn a ln«ut So bring 
I «c fore you this e v eriii tg. 1 Jus v e he re t h e [ p I a 1i >s of t h e i L c m i 1 de sti I pin 1 t e 
of uranium and potassium, obtained by Lipinann s method, which I 
used for my first experiments 

After having placed one of these plates mi the Muck paper which 
covered it pholographie pinto, and leaving it for .-event] hours, [ 
iiWrved on tlevelojmig the plate that the uranium stti had emitted 
cerium active rays, traversing the black juiper. a- well a- various 
sc ret-1 is inter] h Mod lietween the plate anti tin 1 active body, such as ildn 
sheets of glass* aluminum, copper, etc, I soon saw that tints phe¬ 
nomenon had nothing to do with phosphom^me* or with any known 
method of excitation, such as luminous mi- electric rays, or any appro- 
ehilile variation of ternpemture. 

I had to deal, therefore* with a spontmumtis phenomenon of a new 
order. The absence of any known exciting rau.-e on a body prejaired 

*t A iliHourve delivered In Krttfich bofare ihiMiuHilher* -if ife- Ituynl histitmien. 
Lain h hi, KrEdnv, Mareli 7, IWL Keprinr.d H hy |«rinis>noa P uih't iwWnn el lest hy 
PriifesHw Becquerek fmt ii iramdition In SefontJAc American Supplraient, Xb, IffiW 
June T, l!*rl IbiwtruUoiis from origin^ article iu taHL-vudinip id the Umal higtitu- 
tion iif i rn^ul 1 tritium 
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jiii list* hi lonitory several years ago, caused me to think that the phe¬ 
nomenon would have been the same ut any time it inighl Iiave Iw^en 
observed} it should* therefore* he ponnnuenL that is tip say. there 
should not hs- iuty appreciable m^akeuingiifteru very long lime* Tin* 
i-. in fact, wbut 1 have proved during tile past six years, I wilt show 
yon the first proof f hull of tin 1 spuilLineity of the rays; these rays have 
tinveiled the Muck paper which covered the photographic plate, mid 
a thin atrip of oojiper in the form of a rraaa (fig* ip Here, agitiiu h 
the radiograph, made about the same time, of mi aluminum medal, 
tig* m I; the l l i Lei | t a ll I i l 1 hi >r j it to n of tlm d liferent lliicknts*cs bus mused 
the appearance of the effigy thereon. After the very first ol^ervatmii 
I idtscrved tbut the new radiation* would discharge eh^ctrilled f km lies 
ill some distance in the nir* ft phenomenon which give* u> a second 
method for studying thm* nin; the photographic method is specially 
quttlitalh s% while the elcl mine ter furnishes numerical elements of 
oom[)4irisOiip 

In the course of these first observations, 1 was hut at way from the 
path toward which later experiments brought me hack by several furls* 
of which the following is the priticipah Having protected u photo¬ 
graphic |date by moan* of a -beet of aluminum 'J turn, in thickness*, 
aiel having arranged on the aluminum several samples of phosphor¬ 
escent |JOwder>* placed on separate plate* of glo*s, and covered with 
small tuW* like clock shades liig. 3). the photographic proof, ohlained 
after forty-eight Imura* showed silhouetted of the plates of glass {fig*.4), 
just us If they hud lieen produced by the total refraction and reflection 
uf rays identical with those of light, hut which must 3mve traversed 
the j! min. of aluminum. This photograph is unique: ] have' never 
Ik-rii able to reproduce it or ohtuin any action with (In smile sample 
of sulphide of i-uli-LUitk nor with any other phosphoresce at pre (juration* 
At ai n mt the sime time 11, Niewimglowski obtained sui impre&ehm 
with sulphide of calcium, and M. Troust with hoang* mu I blende. To 
lliH flay I do not know the rau*-of the activity of these products uv 
its disappearance. Those farts, and some others* gave me the hUai that 

... iuys might 1 w a transversal movement of the ether analogous to 

that of light; hut the absence of refmotion and h huge ..ber of other 

experiments made me at wind mi ilti.-, hypothesis. 

In this saJiicyear f LSIItf. I found thal all the uranium salts emitted 
rnys of a similar nature, ihnl the radian I properly is an atomic one 
belonging (o the element itraniuiii, and electric measurements showed 
Uie that Iimialliniraiiitun was about three and n half times more active 
in lottiaSfigair liuui is the double sulphate of uranium nnd p>hiss3um. 
The same method enables us lo study I he r&h played by ihe gases in 
the discharge, and to observe that a sphere lpT electrified ununum 
retains its dmrge in vacuo, while in air it k^s l|. The rule uf the 
full of potential is sensibly pMpdMifmiil to the potentiftl if the latter is 
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iinly :i few volt<; it t*h<»ukl In- L'oniitaTit oml independent uf theputentiiil 
v. Iu-n ttii- is very tii^rfi. < .Itut ttjmlii'ed rundurf.iiij' In these my* rt-tjuiirt 
this property for xmic instants. I let ween twn conductors iii:imluitn'i! 
ttt riiustniit poientinlx tlivsi- rays set lip in aim iwtlnuwtM iim lit. 

These experiment-. were taken up ftiid elfllmmti d tty I>n - il Kelvin in 

tt . In Messrs. liaHttf* uml S. tie Smotun. In 1SB1I Mr. Eiutiicr- 

fiiril showed how the phonOim-mi due to the conductivity communicated 
bi ahm liv utiiniiim, mill the existence of u niajdmuin ni tlie current 
produced, multi Is- explained In Lbo hypothesis of ionization, to which 
lln- Inmili iinl u nrk i-f M r. -I. d, I In lui> given Ehcs^al of authority. 

In M. Schmidt mid Muse. Curie ob-si^Vcd, quite independently, 
that tiniriiiELL has projiortii-s analogous fro those of uranium* properties 
which were specially exam mi d by Me - . Owens und Mn Rutherford. 

( utIb having in^wuml (In- ii mixing activity of a Urge numiier 
of minerals vimtiiiisitig iininimii or thorium, uiumuue ml the remarkable 
hut that several miiiends were more- active than metallic uranium* 

>|. mill Milks, Curie concluded that there . Si be ei more active Wy 

than uranium in tin- miucraL and they mutartook the task of isolating It. 

B V treating one h*T the must active of these mmemte. via, pitchblende 
from Joarbubfihil T they drat separated an active bfcmiilh. to which 
irn^ the name of polonium* tlum shortly afterward they obtained 

n very active Imrium containing u new element, indium. 

The*® bodii^ are prepared by fractional precipitations, in whidi one 
\h guided by the indiraiioua of the electrometer: thy activity of those 
piinluola is iniMHHi times greater than that of uranium. 

About the same time M. Criesel suefeerebd in prewiring some very 
notivo subshiiiee>* and in I;nki M. Pebiifttic announced the csisleaiee of 
ii new element, ftrliniutn, nU>ut which. bowevor* w<s have mi t heard 
many purrieulat*. Of all llutee now IkaIios radium alone is character¬ 
ized fl* a new dement ; it has an emission sjJcHnmi counting of linos 
which do not Mon# to any other known Imdy, and tlie atomic weight 

0 f ihe ju ii^o stilts of l«ri.was found to increase with (he proportion 

of radium presold. 

The activity of uranium was not sufficient to excite phoapboivswm'O 
in other I jodies; M. and Mine. Curie, however, observed this phenom- 
cnnn with the raj - from radium, and further, t hut the *a!ts of radium 
were ihcmsehes luminous their luminosity being, tike their radio- 
activity, spoiiUmeous. Tho activity of radium producer various 
r l iminil rcflCttonai; it colors glass, ii transforms oiygtm into ozone* 
it idmnres while phusplnnais to red. it ionizer not only gases but also 
liquids. Mich aa petrolmim ami liquid uir, and insulating solid l>odies* 
tint’ll ,ls jKiraffin, developing an this latter tk>dy a residmil comluctivity 
wddeh lusts a long time after the rays haw ccasetl lo act* It ailso 
causes on organic tissues ,serums bums nmilogsms tu those produced 
ij y X-rays. 
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Thp ^nmplp of nidi uni that \\, anti Mtue. link L:ivi,■ bait me for the 
purjMi^i of thi.^ li.Ttui^ s’dHlfc ini? to show you n few of phc- 

HDmtDit ionkatioji of the at r* luminosity* and | ihosphoresce 1 ice. 

f have i deserved hy tucaus of the photograph ] now show f ti^j- 3)* 
thul tin 1 nnlio-iirlivity of polonium will not tmveme si thin sheet of 
black paper forming si small cylinder dosed by aluminium *«r inim, 
lind at the liottom of which was placed ihe powdered material. The 
ruvs from rndlinn eitsilj' puss through this envelop. We ^-i^i.11 see 
that Still more profound difference exist tatwetm tlie^e two kinds of 

rays. 

The mduMirllvily of milium restores to certain crystal* mid to glass 
the property of becoming pkoapoiv^oent by heat* which they have lost 
owing to n previous elevation of teiupanitun 1 . 

The phenomena of ataorptian. examined either by mem^ of pUr.tog- 
mphy. In phosphoreseenve, or by ion i/a Linn of ihe air* showed | he 
luterogemdty of the class of radiations emitted,. Subsecjur^t uh.xvrv- 
at inn* have enUrged the field of this research. 

Toward the end of the year 18i)k M. Giesek and then MM. MiycT 
sind Schweidler, observed that the my a of nidio-aethv pcvpanitums 
were deviated by si magnetic field In the .same manner n * arr tlio 
cathodic ruys* For my pail. nl abonl the same time, without having 
lira id of lh|W experiment 1 observed the same phenomenon with 
radium, (lie ex perl rut-ut run Is 1 Hindi* in the following inarmor: A 
small paper box containing ei few grains of (he Ridio^iHive tioi.lv is 
placed horizonUdly <m a photographic plate covered with hlnek paper. 
Iietwecn the poles of a magnet: the rays are thrown entirelv to one 
side of the plate* I hers 1 show my two first photography one of which 
shown a concent,rati cm on one pde of ihe magnet. 

Very shortly afterwards 1 observed that the rays from pihiiiUttu ttre 
not deviated, and con^netitiy I Idle t wo kinds of ni vn exist* one devb 
able uml ihe other wind?viable. M. and Mme. Curie have* made tut 
electro ■ summation of thi- sutijeeL whhii Iieis proved the simultaneous 
txiatunec tri these two kinds of rays in the ndhoamtivity of mdloim 
I heir tiutHpuil permeability varying with the dbtanvn from the absorb 
iug screen>. The luvumpimy ing photograph (tig. it) show these two 
kinds of rays fremi ftidhun. J have recently otomed that uranium 
emit- only devbble rays that is* saving the existence of mueh h-*n 
nefcivo* uoadeviable rays. In fact, there due* exisl a third kind of 
niys which are not deviate, hut are extremely |HmettatIng: lin y Imve 
been shown more jKtrtieidarly by M. Vi Hard, 

Thus the activity of radio-active bodies enmpriscs three kinds of 
devUlile in u magnetic field* which appear m be 
ideinieid with cathodic rays, and two sorts of noudeviablr mv* t one 
kind being very easily absorbed, the other rambling X-raV* and 
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Twiug very pend ruling Framnm emits priuripirty the first kind, 
polonium gives only the seeond, and radium gives nil throe ait onw, 11 

Let u< now niurn to devialde nays: the mater ml theory of Sir 
Willhui) t'mokes and Mr. pL J. Tin inson i-jirj In- npplird Titherm and 
ihe eonsiMpteiK-es can be verified with Utu vToute.-u facility, In n uni¬ 
form magnetic field the trajectories pi-rpejidieMW \ > the tie Id u re eir 
eumfercnEad to the palh p which leads the rays 0> tile point of emw- 
skm. Fur it uMhjiie emission making im angle with the field, the 
trajectories he I lees enveloping the evlinders with rays p «m e. 

Sly placing oft a horizontal photographic pltitt- parade] to the uniform 
field* a small k»nd kix containing few grains of mitfetous barium 
forming a source of very small diameter, the rays urn drawn down to 
flie plate, and excite it tin one side alone; u bundle uf simple rays 
emitted in the plane normal in thepUioiinl pandit] to the held should 
shew theoretically mi nrr of an ellipse of which the axes ar«- in the 
proportion of 2 nod rr. The arentupanyinjr photograph llig. Vi show* 
these theiuvt ii'ul siren, nbiaiin d by reversing the di v--1 ion <*F tin- Held, 
the cure in air and the other in Vanin, on a photographs 1 plate envel 
opts! in hhek piper; the intensity of the magnetic field wn* idsmt 
4r T tHN> (\ (J. S* units. 

ff we d<i not ifkdose iho photographic plate, and if tie ariange mi it 
several strips of |wiper or of metal [o form screen*. we observe in lie- 
print of the nulio-activity dispersed by the magnetic field, a species of 
ab-torplum spectra, Each 1 rajeciory has a differ* ml curvature curve- 
spondiug to mytrnd different speeds and having iLiffcretil pellet ml jag 
powers. 

Mere is an example of aim of these prints, obtained in n field of 
about !.74u (\ (i. S, units; the fl^reems are n stid|> of black paper, a 
strip of aluminuiii of i p. t mm. thickness. and a -trip of platinum of 
iM^rmiL thi-uknoss (fig, >j r To obtain a pure sp-ctruin so lSmt rii emdi 
point of the phite n bundle of ray-* nrr found, of which the tntjeefcoric- 
have Ek.ll the smite curvature, die rays should lie made to i-m- from 
the siiunr so as to pass tbroueb a sttmll round opening; tin- lesutl i> 
the sumo as the pm’vding one dig. .}. This latter also shows a very 
intense impression, dun to the secondary rays. provoked by the rays 
whieh were stopped by the lend cover oyer the active laxly, mid in 
which was node u smalt o[n/nino through whieh the pure spectrum 
passed. The absorption varies with the distance of the sem-n from 
tlie ae live body* and I hi- rays whieh are stopped by n screen phicisl on 

■ Itfrrtnmem + Mr. RltHierfnnl a |*r la nu : thn<ii- elijt ltibiae une 

(olim ipi f fl u niyine* u. etiieiit fuiblicuvriE ih-virri i-n ^ LVia- 

inim 1 lii'S olvoiih falhodlqai^ tl Asginiilal iko ciux Koasl^tidikeii J 'n! jhi. «le tn *m 

e J itr p Jlullin'r ei-l|e |OT In mtalhalc Jphel''*jTW|i|aiii«i% i-t la m al|rer qi;e k“J 

myom de fjokmltim S!itit i lrtiliiiunf zmx ravens ht i hi rad ill] II. i Na|v by l^rcfewr 
B«j|iiereJ MuniJi 11 P tiMMJ 
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tin' ]ilnti* sro able to traverse this same screen when it Is Interposed nt 
it [Hijiit near their sun nt*. 

Thew experiments lmve do doubt ns to tho identity of the devinblo 
nivs with on 11 iodic rays. However, ii whs nee pessary Lo prove that 
they curry dilutes of negative electricity. and that they lire deviated 
by mi electric field. 

M. ttud Mine, Curie, in a beautiful experiment, have shown tliat 
the my* of mditim charge negatively the ladies that iweive theta, 
din) that the source lietmrues churned positively. For this doable 
experiment it is necessary t lint all tlie conductors and the source itself 
be completely enveloped in liii insulating material. such ;lx paraffin, 
l-iirtln- active body examined tin rliapge was 4,1" 11 (\ (J. S, units 
per -s] nnre centimeter uf mdjnting surface jht second. 

I'oi mi jutrt, I liavt 1 sliowti and measured the elertrostuUe deviation 
by projecting the deviated shadow of a screen placed perpcndtrukir to 
the field, oti a photographic plate. One of these apparatus i* hero 
shown (tig. bt), ii' well as one of the prints obtained (iig. Ml. in which 
on t he two kit Ives of the same plate appear the two deviated shadows 
Corresponding to the reversal of the electric field. of which tin- inten¬ 
sity was 1,02 : In 1 *. 

I ha I ml Lis tic by jm thesis attribute* these phenomena to mutci'ini 
massifs transporting charges of negative electricity with very great 
rapidity. I>[ m tie ihi- material mus* nf n particle. - its charge, and 
i- ils velocity. We know that in a magnetic field of an intensity 
//, the radios of curvature p of the circular trajectory is given by the 

nt nation liv The nniiieiiciil value of (lie pros hid lip serves 

to slum (lie character of t-ach simple my. (In the other hand, in an 
electric field of an intensity I\ the pi mine ter of the f hi mitotic tnijcrt 

ory is y,.- J he knowledge of these two values givers nml 

“ 1111 :1 value ■ i Hu I:.ii J . 1 1 >|n i i u‘i 1 1l ii i i iun11' I v c 'J.ii I ■ |.. 1 p 


ami ^ II.+2 - io ; . These figures arc entirely of (he same order in 

vahtc ax tlio-e which led to the ..Is made with cathodic rnvs. 

ami the theoretical considerations with regard toZeemnns experiment! 

I-Voin the above figures we deduce that, from the fact of tin. df viable 
radiomtivity under consideration, there escapes from each square 
eciitiim-lor nf nidi a-active surface l.g milligrams of matter in a timii- 
>:iti 1 1 ini][if>it vs-3MN. 

Jtv extending these measurements to radiations of different mid 


well-know n natures, we ought tobdablc to determine if the relat 
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Fig, 10.—Appanatds for Projecting on a Photographic 
Plate the Shadow of a Screen PERPEhoicuLAfl la 
The Masnetig Field, 



Fhj, 11.-Proof Ob?ai.n t d with Apparatus in F*a to. 
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Kimfiiiuim haw attempted to elucidate tin* mutt or, I lc combined. ut 
right angles* the iiiugiirlie tmd the electric lotions; unfortunately, the 
experiment, which is very difficult to perform. did not give him true 
plate fit [o men.HUre. For the vhUuvj of Zfrt onmpriwsl ltetween L*on 

mid 4.ffitH>, be found that tin- relation J varied from LH : Ltfi, to 

mi 

|»JT : ln\ and the s|ieed e fin mi : h |M to : in" 1 . 

The proof of si regLilnr variation in the ml minted relation is tif 

considerable then n-ileal importance; if ilfis fetation wok constant, os it 
seemed to lie as h‘ n^wfi of a turgr number of meiisurornriiLs wo 
might conclude that tin 1 slightly dev hide ruj>,. for which Up i* more 
Ihmi 5*000, have speeds etmsiflemhlv greater than that of light. 

On the Other tmud, theoretical considerations have given the idem 
that the speed rouhl not roirp&s-i Ih:it of the propagation of eleclrn- 
maguetiu disturlmneos (bar Is to say* the *|jeisl of light and we have 
hctiw led to consider the mobile Minuses in u msigiietii' field a- endowed 
with ei particular ninth, which is a function »f the speed* I'niter 
tlicM- rendition^ the mlruhited mas^ ought to be apparent, nr at least 
jjurtlv so, and it should iitumisn indefinitely as (lie uctual -pee*I 
approaches that o f %hl. 'J 'he figure s published by M. Kanfmumi 
hear out this hypothesis 

Another consequence nf (his manner of looking ut the question 
would 1 ms that there should he continuity between the iteviaMe says 
and those width lire not* I lie radius of enrvatun of tin- Imjeclories 
iHWumes infinite ut the same time us tie 1 apparent mulsh. 

The photographic print ntrendy mentioned (fig, <fi* as well a> one of 
the following ones (tig* 18), bowed. mi I In contrary, u very distinct 
cl inro ad mill y* although in the s rend one (lie crspisurewasaulfirienlly 
pm longed for the inipn , sss!nn n f the least active myn* such as the 
[H me tinting imndrviable um^ In Iw disimcth visible* 

This proof was obtained hi tlie following manner: In the uniform 
magnetic field of u permanent magnet I placed, normally to the field* a 
photographicplate; (hen on this Inlter 1 arranged screens i if lead fisrd 
on it slieet of glti-s* US shown ill tig. 1'i. These screens are pierced 
with opening- normal to (In* plate, and destined (■■ limit the width of 
the bmmt in the pith of these beams I arranged other screens* such as 
aluminium ones. Retew the plate opposite a narrow slit in a -I rip of 
lead a small block of lead is placed having n deep rarity normal in the 
plate* and in w hich the radiant body is placed* Wp have thus a nar¬ 
row linear source normal to the plate and several millMjieters in length* 
The eavity Is cover ihI with n thin sheet of aluminium to slop the light 
ntys* 

The figure represent- n section made normalfy to the field of the 
hcitm* of which a pnit is deviated* Eiich beam cOtntspondihg to u 
deli tii fined speed gives mi im|ilvsHion which is noticeably curved, as if 
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Mu' e nt i 11- t mjeotory wus imtrkod on the pint,*. In these pliutugniphs 
thft interim* mf tin* t:v!iiit 1 1*i*k funning the screiniH In -Imtiglv ulfrrted 
hy tli« s^ solidary emission from chr lead. Tin* first pictotre (fig + 13 ) 
-hows Hint through iiiirli o[M-niii^ tlim- pusses mi infinity of rays, com 
rftitutiii" [Hit-lions of the pure These inpr-t with 51 strip of 

ulummiLUii <>J iimil in thk-kness, nnd imvi-rsi- it without deviation + 
aot nil with nqtnil facility* riir slightly deviated tii\K nre peno- 
r ruling, and excite secondary radiations when having Uic aluminium* 

I hr very dwiuhio rays are stripped and give rim to points affei-ttti h\* 
mi intensesecondary rudjatjOEh 

One only of the two t-ut vgarim of .. .. my* ajjpeiir* in the 

jruiLi of two liiM- lines o|i[KMite tJu? sources lhi^ b are verv penetrating 
i'a_vs T the others were limited ipilte near the sourre + 

Another pirtmv (ti^. I 4 ,i shows the simple beam ofitnined W a double 

merles of ^jnuun^s: ... of them we ran sonietiines pass two distinct 

i ntjriti tries. 

n».- Uiinl figure U „f interest, us it show* tin* si might Ihuhi tntveras 
Iti^, ivjtliout deviution, !islii'H-t (if h I mil i mum pinned obliquely to the line 
"I tinjecinry: urnl. tiimlly, tin* ft ns it 1 1 nm* slums flu* I mnxinisshin mf 
Kinipli- nivs through iiliiiuinium, :md thcsn-omUry c Heel* they produce. 

! be .siiiiLi- method lias i-imMrtl m$ to observe that the ueccaidary mvs 
wm- rhe.mselvis deyhtlrd by the mugnotSi* field in the 'Samt* wav as 
the evrltinjj mvs r 

Tin* mdimioms from radium nU> comprise some which an- very prne 

r 1 i[fn^. 1 ini-ixting of tin- In, si di> viable imd (hi*.do viable rovs. of 

«lm l( the properties seem tn Ik* the saiu._> ns Rflntgen rays. These 
1 11 rn [ lifting ni\ > are but very - lightly iibeorts'd, mid consequently 
tli,*]r urtiun on u pliotngniphir plutp* or on the nip* i* vriy feeble. ho 
tliat by tin* preceding methods wo rim get no very exact idea of tbdr 
In 1 1■ ns tty. 1 1 \u- ini* ipoHf in their path n very nbsorlwnf semm, they 

tinverse \l pulislly, Imtiit the sitnr* linn* they ..partially traoa- 

Wined Inti,.re absorbable rays* This tniWunimMon malls that 

of lhi.p|VHK*„ee. mid, through tin xoeomlarv su-tio,,. the effeet ini.. 

nlflv behind tin* -k-iwii in stronger tlinn if this hitter wua not (hero, 
rhe jlbotogtuphir ] 1 late reeeiving the mrluvticmii tiftemi ihrougli n 
thick ness of lend of 1 mi. gives n stinngei iniproaaion ihrmmli u 
shi p i uf lend nf l mm. i!ih*kin'>s tlnin in tin* uneoveifil ii><dii]|Hi "The 
dti.grm.Mllg. If, t shows tin* HT.s-t of the radiation-oo,m, 1(f from tl.e 
sides *pf „ l™dc*n fmx fitter Wing tmversed n to ti> mm. ,t tin* motul. 

I be*. ^1 on.lnry plMiomM may partial^ nremmt forth,* 

" , ' 7 , "T T* n !* 7 *'* ' lf ll!l ,;k ‘ si Teens placed 

m er the plintogmphie pJntes. 1 

All tbf IM. I hm' jwt RM Ip* ( »*»lvol v to doojth il„. 

; ” hKh i'i»iut i..ii,,. ...“ 

. ... I'"- «™<«« by lli.ll n.f.»; Holy L ” .l 


SfrHr-iur.Ji* 1903. 3*zo.u*tw 


Plate vi[. 



Fas. 3 4.“-SteoNcs Picture Obtained &v the Arrangement 
Showji in Fig. } 2 . 



Fia. 1 S^Effect of Radiations from Sjoesqf le a&en Bqs 
After Tiuvefl^o 5 tg 12 mm. of the Metal 
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able to those produced liy a vapor of n s|H.-ciail nature. 1 ’his ph'-nome- 
mm was d isCOVered in lflft!) by Mr. Uiitlierford and by M. and Mine* 
Curie simultaneously. 

Mr. Rutherford, while examining the radiation* from thorium, 
observed thut. insides [ti-- ordinary ray--. there w another eiTeH pro* 
dm:t'<i bv tm *'emanation consisting of u wort n( v;i[>or ionising (he 
air. Till* vapor is dej waited on Unties, prinei } tally those electrified 
negatively. mid make- them momentarily nidlomdive. Mr, linilier- 
fi Pill i mule some very interest ing nifuwuivmeiitsi of (Ids pheiiwm-nun. 

Ai the mum- lime, M. unci Mine. {.’itrin discovered (hid, uniler tin* 

iiiHueiHT of radium, Iwdie* lire: . teni|HrtnrHy radio-active. Tills is 

not I lie sen Hilda t i . ffcel II liTtiily di'serilHsI, bill a persistent | dieitome 
nmi which disijipeaiv comparatively slowly from I tn- nioiiieut when 

the net lei; of the mdiu.. M. Curie litis ml I.-I I hri “ helm ed 

r.ulio-aet.ivily," anil Ini' made a v.-ry complete examination of it, I Ie 
has observed tlmt the phenomenon is produced with great i 11 1 011sily In 
II dose space, that induced activity is the ..mi all Wit-* tmd prac¬ 

tically indejM'ndent of the pressure inside the inclosed spare, lint tliiit 
tin 1 phenomenon i- not [inKluwil if " e maintain a complete viii’iium by 

. . vin-r the jpiH's produced; solutions nf salts of nulium produce t lie 

same elfert with greater intensity than the solid suits. I,ii|gid'. water 

of crystallisation extracted ... salts, or the w'aUT se[m rated 

from an active solution by n semi permeable Hirmbmtie of celluloid, 
remain .strongly radio-act I vc: it is ilic sunn 1 with the guse*. llu-se 
excited bodies produce the same effects as radium; they emit a 
truting ray which traverses the gluts vessels which contain them nnd 

makes these hitter 1 .. Induced activity is gradually proiutguted 

in gases in n H-ali'd lube.even through capillary tubes mid imperceptible 
cnieks: IkkIii's are excited the more a* the volume of gus i* greater in 
pn ijh >rti on to liieir surf ace, I ’hos | <ln > ri«a;en H mhI ies 1 «s-i n i ie luruim >u* 
when excited. Inn recent work MM, Ulster anil fSeittil have olnsetwed 
that atmospheric air has properties analogous to those of excited gasi", 
and M. (ieitid has been able to collect on wire-, negatively etectrilicd, 
truces of radio-active products, 'die cause of thi* radio activity is u 
problem of the graite*t interest. 

FinaiHv, there K u nmiai-knble uietlnMl of indurtion, wliieh is of snrli 
it nature as to demand the greatest reserve in tin- ci inclusions w hich 

might Ik- formulated relative to the pm*. of new elements in radio 

active I todies. Every inactive sulistanre wliic-h lias l-ceu added to a 
solution or n umnium or radium stilt, and which has siibwis|iK‘ntly 
Js-en removed bv precipitation, haw become radio-active, and lose- this 
radioactivity very slowly. This fact was lirst observed by M. Curie 
mid M, ( S icsi'l, who rendered bismuth radio-active in this iimaaer. 
ill the case tif uranium, a truce of hariutii. precipitated in the form of 
sulphate, became tmlalily mo re nettle than the uraniimv; I hi ri uni thus 
excited emits only dcviable rays like nrunium. 
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After Ibk precipitation the uranium suit brought l«ick to the solid 
Ntutt 1 radio-iutive than tiefore; ttiiw lo-s nf radio-activity ran 

even In- accentuated liv ntiece*u.ive operations, hut (lie products gradu¬ 
ally arid apOMtunenLbdy regain their original activity, Hie temporary 
diminution of activity after solution is n general fact for salts <jf 
uranium ami radium, With sails of actinium M. lKdik-rijc has nun 

..Heated a very great activity to barium, The hariutu thus excited 

nm to separated from inactive Ijoriuru; it urn lx- f motioned like nidif- 
croiis chloride of liartum. tin* must nr the purl ions lndng the least 
Soluble in water and hyd rocih l«r ie arid, M, Ikdiiorne in this manner 
obtained a product a thousand limes mote active than uranium. 
Ihtrinm thus excited behave- a false radium, f>ut it ditiers from the 

true radium in the absence of the ... in gradually losing its 

jxrarer with time. 

Among the radio-naive preparations a large ..her may la- tem¬ 

porarily excited bodies. Such is the owe with “polonium," which Is 
apparently only excited bismuth. 

1"ranium and nidi. mv rhuraeterizwl by their emission spectra 

iiml by tin- -lability of their radio-activity. The spontaneous growth 
that is obW'i vcrl in the -nils deposited by the solutionsmight Arid an 
explanation in « phenomenon of autodndurtion of i!ie active molecules, 
On the inactive one they arc associated with. 

Tim origin of the radiant energy of these radio-active bodies i* still 
an enigma. |ty tin.' mute rial hypothesis it does not appear unreason¬ 
able, by applying the phenomenon of the evaporation of an odorifer¬ 
ous body to com]Kin* the ctnurintiun to a sort of gas of which the 
mnlia-ulcs would have masses of tile same order of size uw electro! v tic 
ums, and to identify the radiations with the cathodic rays resulting 
from the dislocation of these ions aii.l causing til the *utu- time tin- 
emission of X-niys. We might thus user if m the expenditure of energy 
to tlie di-si] nit ion of mtivii matter. Although this hypothesis will 
account for moat of the known fuels, hi ill there docs hot exist imy 
precise* experiment which sanctions it. 

I must not. however, dwell longer on tins subject, of which I have 
incompletely summarized the present position, by emphasizing the 
physical ]Hirl. which comes more es]«cially within my province, 
although the chemical side has given rise to work of the greatest 
interest. 

Thiw .jue-stion- have raised new (rapes on tin* transformation of 

matter. Ifaridar the exceptional.jditmns under which they enable 

us to examine the cathodic rays, they have raised, and continue to 

nuse. fresh pro.ms eviuy day of which the first and most n.vMeri- 

ous is the spontaneity nf the radiations. 

• L Wfaeiurat gue (■«. ob»na«r leafclidipo^dmdtoalotk«w.“ 


HISTORY OK COLD AND THE ABSOLUTE ZERO.*' 


Hy Prof. a |ahks Dkwau. M. A., LLIL D. Se., F. It. S. 


It WKH Tyndall s good furtime to appear before yon at it moment 
when a fruitful and comprehensive idea was vivifying the whole 
dolimiit of rtiii-nlific thought. At the present time no such broad gen- 
enili^utimi presents itself fur discussion. while, on tiie other bund, the 
mini Ik- r of specialized studies has enormously increast-d, Science is 
ndiaiiejiiis in so broad a front by the efforts of so great an armv <■ f 
workers that It would be idle to attempt, within the limits <>f nn 
address to the must indulgent of audiences, anything fike n survey 
of chemistry alone. But l have thought it might be instructive, and 
perhaps not uninteresting, to trace briefly in broad out line the devel¬ 
opment tif that branch of .study with which my own labors have been 
recently mnre intimately connected -a study which I trust I am not 
too juutiid in thinking h ils full of philosophical inter^t as of experi¬ 
mental difficulty. Tile nature of heat and cold nuisl have engaged 
thinking men from the very earliest dawn of sjiecutatiou upon I hr 
external world; but it will suffice for the present purple if, dis¬ 
regarding ancient philosophers and even medieval alchemists. 1V e 
lake up the subject wlietv it stood after tin great revival of learn¬ 
ing, and ils it was regarded hy the father of the inductive method. 

I hat this wils an i^iieruDj attractive subject to Huron is evident 
from the frequency with which he recurs to it in his different 

works, always with I.relation over I lie inadequacy of the means 

at disjawid for obtaining a considerable degree of cold. Thus, 
in the chapter in (In Natural History. "Silva Sy I varum," entitled 
“Exjwriinents in contort touching the production of eoM." lie says, 
“The production of void is it tiling very worthy of the inquisition I Kith 
f<>r the use amt the dist-liKUiie of cause*. Ft.r heat and cold are nature's 
two hands whereby she chiefly worketh. and heat we have in read in css 
in respect of the fire. Inn for cold we must stay till it cotimth or seek 

" I Widen i id] address l»-furc Blitifth .Wnfattau for dll- AdviuiLveii.-nt <>t science, 
nt Belfast ims tine. I We, reprinted, alter revfcrii ui % I he mithur, from pamphlet copy 
ill til.- arid Use. The imnstuctr.n- part n| the iiddre*, netting I., etfn-r mph-* i H 
omitted. 
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it in deep ctives or high iumintains, and when till is done we ran not 
obtain St in any gti'&t degree, for furnace* of lire are ftir butter than 
a summer sum but vaults and bills are nnt tniicb colder than u winter*^ 
frost."* Tbr great Robert Boyle usi the tirsi exiH&rimentuJist who 
followed up Biu-on's suggestions In 1 Boyle read a paper to tliu 
Koval Society on " New experiments and nljwu'vulJoos touching on Id. 
or an experimental history of raid*" published two years later in ti 
separate work. This Is really a most complete history of everyth mg 
known about cold up to that date, hut its great merit is the inclusion 
of numerous ex i^ri meats made by Hoyle himself on frigorilic mix¬ 
tures mid iIn 1 general effects of siirli upon mutter* The agency ehielly 
used bv Boyle in the conduct of bis experiment* wat» the glacial ing 
mixture of snow or ice and salt. In the course of his experiments he 
mndr many important ob&TviLthms. Thus he olserved that the salts - 
which del not help the -now or ice to dissolve faster gave no effective 
freining. He showed fliut water in becoming ice expands hi altout 
ime-ninlb of it' volume* and bunds gun liarnds. He attempted to 
euunlcrnct the expLuisiou and prevent fleering by completely filling a 
slrong iron bLill with witter before cooling, auticipaMiig dial il might 
hurst the bottle by the stupendous force of ixpausioiuur that it ll did 
not* tlnns the ire produced might under the circumstance* be heavier 
(hail water* lie speculated hi an ingeniou- way on the change of 
water into ice. Thus he says. "If cold tie hut u privation of heat 
through the recess of thul ethereal substance which agitated the little 
cel-like particle* of lie* water ami thereby made them crjiuptiw a fluid 
body* it tuny iotisil\ la* <smrciycd thm tliey should remain rigid in the 
{Kps turcs in which the ethereal hul titmice tgilLted them, and thereby 
com post 1 an miflniil laaly like ice; yet how these little eels should by 
I hat recess iic<|u i re sis strong uii endeavor t ml ward us if they were so 
many lilile springs and expand themselves with so stupendous a fortre, 
is that whirli dues not so readily appeal-/' The greatest degree of 
adreriLiikiUs -■old Hoyle was able to produce did not make air exposed 
til its LietiiUi loser a full tenth of its own volume, sn that, in his own 
wards* I he cold does not "weaken tile spring by anything near *n con- 
ritlc ruble as one would expert." After making ibis remarkable obser¬ 
vation and commenting npcni Us unexpected untune, it is strange Boyle 
did not follow it up. He < | nest ions the existence of a IkkIv of its own 
nature supremely cold, by participating in which all other biwlifes 
obtain that c|tiaIity. although tin* doctrine of a primum frigidnm had 
been accepted b\ many secte of philosopher*: for. as lie says, "if n 
Ixwly lwing cold signify no more ihim it,s nut having ittf seasihie parts 
so much ugiluled n^ those nf our sruBoriuiiu it guffices that the sun or 
the lire or *©«!■! other agent, whatever it were, that agitated more 
vehemently it- parte before, does cither now ccin& to agitate them or 
agitates them but very ..i**ly f so (Jut fill it lie determined whether 
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cold hr u positive quality or hut a privative it will be needless to con¬ 
tend whut particular body ought to 1 m- esteemed the priimiiu f rigid mu/ 
The whole elaborate inYL^igatiou cost Boyle immense M mh% and he 
confesses ihiit he T ' never handled buy part of mitural philosophy tliat 
was so trouhlesotue and full of hardships.” He linked upon his 
results hut a* a “liegliming-" in this field of inquiry* and for all the 
trouble imd patience expended he consoled himself with the thought 
of “men l-H-iikjX oftentimes obliged to suffer as much wet and gold mid 
dive as deep to fetch up sponges as to fetch up pairls." After the 
master]v essay of Boyle the attention of investigators was chiefly 
directed to improving thertuomet rival instruments* The old air ther- 
tuoincter of Galileo being inconvenient to use. the introduction of 
fluid thermometers greatly aided the inquiry into the action of heat 
and cold. For a time great difficulty was encountered in selecting 

proper fixed points on the miles of muIi instruments, and this sti.- 

lated men like Iluygens, Newton* Hooke* and Ammitous to suggest 
remedie-tmd to conduct ex[KTittients, By the lieginniiig of lhe eight¬ 
eenth century the frerriug print and the ladling point of water were 
agreed upon as fixed paints, and the cmly apparent dillicuUiftt to be 
overcame were the selection of the fluid, accurate calibration of Elm 
capillary tube nf the thermometer, and 31 general understanding ns to 
.scale divisions. It must he confessed that great confusion and inac¬ 
curacy in 1 cm pc nature oWrvatiunH arose from the variety and e rude¬ 
ness of the instruments, This led Ann niton* in LTd :!—3 tu contribute 
two paper* in the French Academy which roved great originality in 
the handling of the subject, and which, strange to say, are not gener¬ 
ally known. The first discourse deals wills some new properties of 
the air and the means of accurately uscerUdiiiTig Hie temperature m 
unv climate. He regard'd heat as due to it movement of the particles 
of !Holies, though he slid nut in any way specify the nature of the 
Hint ion involved, und it^ the gemvrul cause of all terrestrial motion, so 
that in [te absence the earth w ould without movement in its smallest 
putts* The new facts he records Eire observations uu the spring or 
pressure of aix brought about by the action of heat. He shows that 
different masses of air measured Eit the same initial spring nr pres¬ 
sure, when heated to the boiling point of water, acquirer equal inr-i>-- 
menteof spring or pressure* provided the volume of the gas he kept 
:it iis initial value. Further, ho proves that if the pressure of the 
g3is trcforc healing la- doubled or tripled, then the additional spring 
or pressure resulting from healing to the boiling point of water is 
equally doubled or tripled. In other words, the ratio of the total 
spring nf tilr at two definite and steady temperatures and at con¬ 
stant volume is a constant, independent of the mass nr I he initial 
pressure of the air in I he thermometer. These results led to the 

m 190* - H 





£10 


HISTORY OF COLB AlfB TR X AJt^OLTTTR KEttO* 


incited perfection of the air thermometer tu u standard inst m- 
iiivut. Ainuntons's idea lining to express the temperature uf any locality 
in fractious of the degree of heat of boiling water. The great nov¬ 
elty <jf the instrument is tlini temperature is defined by the measure¬ 
ment of the length of a column of mercuric Its passing, he remarks 
that we do not know the extreme of heat and cold, but that he has 
given the results of experiments w hich establish oorrespofidjences for 
those who wish to consider the subject. In the following year Ainon- 
tons contributed to the Academy a further piper extending thn scope 
of the inquiry, He there pouted out inure explicitly that n> the 
degrees of heal in his thermometer ure registered by the height of a 
column of mercury, which the heat is able to sustain by the spring of 
the air, it follows that the extreme cold of the thermometer will he 
that which reduces tho air to have no power of spring. This, he says, 
will be a much greater cold them what we mil " very cold," because 
experiments have shown that if the spring of the air at boiling point 
is 73 inches, the degree of heat which remains in the air when brought 
to the freezing point of water is slill very great, for it ran still inuin- 
tain the spring of inches. The greatest climatic cold on the H-ole 
of units adopted by A mors tons is marked f>ri* and the greatest summer 
heat 58 , the value for boiling water being 73 , and the zero being B2 
units below the freezing point. Thus Amuntons was the first to rec¬ 
ognize that the use of air as a t hennoinetric substance led to i]| L - infer¬ 
ence of the existence of a zero of tcmpcmiure. and Ills scale b nothing 
else than the absolute one we are new so familiar with* It results 1 from 
Amotato^c* experiments tliat the air would have no spring left 1 f ir were 
cooled below the freezing jwdnt of water toaboul t wo nud one half tinier 
the temperature range which .separates the boiling point and the freez¬ 
ing point. In Other words, if we adopt the usual centessiuml difference 
l>etween these two points of temperature ns 100 * then the zero of 
Amontons’a air thermometer is minus £40 . Tim is a remarkable 
approximation to our modern value for the same point of miniH l j T:^ 

It has to lie confessed that AmontonsV valuable eontriluititins to knowl¬ 
edge met w ith that fate which had so often fur a tune overtaken the 
Work of rEMF-advunccd diw<w t rera; in other words, it was simply 
ignored, or in any cane not appreciated by the scientific world eithcr 
of Hint time or half a century later. It was not till Ijimbert, in hi- 
work on Pyrmuctrie, published in 1779, repeated Amontonid's expert- 
merits and indorsed his results, that we fmd anv further reference to 
the axolotl scale or the zero of temperature* Lambert V ohsi rvations 
were made with the greatest cure and refinement, nod resulted in cm - 
recti tig the value of the zero of the tdr si ale to minus £7o . as compared 
with Anion tons s minus 24" . Lunbert points out that the di wrn of 
temperature which is equal to zero is what one mnv call absolule mid, 
and that at this temperature the volume of the air would In- jinicticidly 
nothing. In other words, the particles of the air would fall together 
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and touch each other and I termite dcnoe like water, and frum this it 
may he Inferred that tin* gaseous condition h caused hj heat Lam¬ 
bert Ntys that AiiujiitoD^ di-Hcn verier had found few adherent*. liqcauso 
th ey wens too beautiful and advanced for the time in which he lived. 

About this time a remarkable observation was made by Professor 
Bmtsn at Moscow, who, during the severe winter qf 1750, succeeded 
in freezing mercury hy the use of n mixture of mow and nitric arid, 
When we remember iluit mareury was regarded os quite 11 peculiar 
substance jh assess'd of the essential ipiulity of fluidity, we ran easily 
i! nd nr stand the uni vernal inter esl created by the experiment of Braun. 
This yifm EirrenUnited by the observations he zimdo on the temperature 
given by the mercury thermometer, which appeared tn record a 
teiEL|H k mtim> as low us minus 200 C- The experiments were soon 
rejwaited by Hutchins at Hudson Bay, who conducted his work with 
tlie Hid of suggestions given him by Cavendish and Black- The result 
of the new olatemriious was to show tliat the freezing point of mer¬ 
cury is only minus In C. t the errors in former experiments having 
been due to the great eontnu tioo of the mercury in the thermometer 
in jHi^inginto the solid state. From this it followed that the pnor- 
mous natural and artificial colds which had generally I tain believed in 
had ito proved existence. Still the po^ble existent of a zero of tem¬ 
perature very different from that deduced from gas thermometry had 
the support of such di^higuishcd names as those of I^ijilaco and 
Liivojsh i . In their great memoir on Heat, after making what they 
consider misoimMe hypotheses a> to the relation between specific heat 
and total beat* they calculate valuer for the Kero which range from 
I^ni to BJKMi ladow melting ire* On the whole, tiny nsgitrd the 
absolute zero as taung in any ease 600 below the freezing point. 
Lavoisier, in his Elements of Chemistry, published in iTttS, goes.fur¬ 
ther in the direction of indefinitely lowering the zero of temperature 
when he says: 

We are still very far from being able to produce the degree of 
absolute cold* or total deprivation of heat, being unacquainted with 
any degree of coldness whieh-ivc can not suppose capable of still fur¬ 
ther augmentation: hence it follows we are iniapahla of causing the 
tilt iunite particle of liodies to approach each other as near as jratsiblo, 
and thus these particle* eL« not touch each other in imy state hitherto 
km iwn." 

Even:is lute sis the beginning of the nineteenth century we find Dal¬ 
ton. in his new system of Chemical Philosophy, giving ten eakulations 
of this value* aml adopting finally eh the- natural zero nf temperature 
minus 3,000 C. 

3 m Blue kb lectures we dud that he takes n very cautious view with 
regard to the zero of t cm pc ml lire, but sis usual L admirably clear with 
regard to its exposition. Thus he says; 

u We use ignorant of the lowest possible degree ur beginning of 
heat. Some ingenious attempts have been made to estimate what it 
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may l>e* but they have not proved satlshirtory. Our knowledge of 
t hr degree (if In ml l mav he com|>snvd to what we should have of a 
dm in, the two ends of which were hidden from its mid the middle only 
exposed to our view. Wo might put distinct mark* oil some of the 
links, and number the rest according as they are nearest to or further 
removed from the principal links- hut not knowing the distance of 
miy links from the end of the chain wo could not rompan thorn 
together with respect to their distance, or say that one Link was twice 
as far from iht- end of the chain as another.^ 


It is interesting to observe. Iioweyer, that Block was evidently well 
acquainted with the work of Amontuns utn.1 strongly .supports his 
inference ns to the nature of air. Thus, in discussing the general 
muse of vaporization, Black says tliat name philosopher* have adopted 
tile view “that every pat pa hie elastic it is id in nature is produced arid 
preserved in this form hy the action of heat JIi\ Anton Lons, mi 
ingenious member of the late Koval Academy of Sciences* nl Paris. 
Was the first who proposed this idea with respect to I hr atmosphere. 
He suppos'd that it might l>e deprived of the whole of its elasticity 
and condensed imd even frozen into a .solid matter wen* it in our 
power to Apply to it a auffick-nl cold; that it is a substance that differs 
from others by lasing incomparably more volatile, and which is there¬ 
fore converted into vapor and preserved in that form by a weaker 
heat thiLii any that ever happened oi r cun obtain In this globe* arid 
which therefore can not appear under any other form than the one It 
HOW wears so long as the constitution of the world remains the same 
as at present." The views that Black attribute* hi Ammgtons Lava 
been generally us^oeiatiHl with the name of I^tvoisirr* who practically 
admitted similar possibilities as o> the nalnre of air; hut it is not 
likely that m such Mutter* Black would commit urn mistake :is to the 
real author nf a particular idea* Ospeciiilly in his own department of 
knowledge. Black's own sjierial contribution to low-temporal uro 
studies was his explanation of tins internet ion rpf mixtures of leo 
with suits and acids hy applying the doctrine of the Intent heat nf 
fluidity of ice to account for the frigorific offceL In a similar way 
Black explained the origin of the told produced in (hi I ten's remarka¬ 
ble experiment of the evaporation of ether under the receiver of an 
air pump hy pointing out that the Intent heat of vaporisation in this 
disc iicce^itah^l such a result. Thus, by applying his own dinw- 
erics to latent heat, Black gave an intelligent explanation of the rati-e 
of nil the low-temperature phenomena known In his day. 

After the gaseous laws had been definitely formulated hy riny- 
Lussac and Pulton, the question of the absolute zero of IcmpenvUire* 
us deduced from the pmperijr* of gnses, was reviveil by Hcment and 
Dcaorme*, These distinguished investigators presented a \mpw on 
tin- subject to the French A«*W In ls)^ which, it ap,™^ was 
rejected hy that IhkIv. The author subsequently elected to publish it 
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m (shh Belying mi what wo know row to have Ummi a faulty 
livputhesis, {hey deduced from observations on the heating of air 
rushing Into a vacuum (In* temperature of uhiuih 2i\ 7 us (hat of tlit? 
absolute zero* They further endeavored m show, by extending to 
lower temperature* the volume or the pressure ooefficieuts nf gases 

given hy (my LuBsac. tlmt at the ... temperature of minus 26 T the 

^si j s would ( Oiifnit t so hs tn possess no appreciable volume* or. iiltrf- 
nutivelv, if she pressure won under eonsidpration it would become so 
smnlI jis In- nonexistent Although full reforeneo is given to pre¬ 
vious work bearing on tin? mim subject, yet curiously enough no 
mention is made of tla^ name nf AttNmtOhK* It certainly giiye remark- 
able support to Anmntons’s notion of the Keto to find that simple 
gases like hydrogen and i-oni[>oitiid gnscs like aiiUmmia* hydrochloric, 
i*arbmiie, hlli l sulphurous uetd* should all point to substantially the 
same value for this temi^mture, But the most curious fact about 
ihi- research of Clement mid Drcormes is that (hiy-Liissnc w m a 
hitter op[Mini?nt of the valid tty of (he inferences they drew either 
from his work or Lbvir own. Tin- mode tn which iiay-Limsac 
regarded the subject may lie succinctly put as follows: A quick 
compression of air looue tiflh volume raises its temperature to Hi Mi . 
and if this could he made miLeh greater and instantaneous the tamper- 
ature might rise lo 1,000 or 2,i«m + Conversely, if air under live 
ulmo-phere- were suddenly diluted h would absorb ns much heat us ii 
had evolved during compression inid hs temperatare would he low* 
ril'd by l \on , Thu iv fore if air were taken and emu pressed to Mi 
atmospheres or more, e hi- cold produced hi it- sudden expansion 
would hive no limit. In order to meet this position Clement and 
IVsennes adopted the following rearming: They puinti'd out that it 
had not hern proved that t my-Litasac wm correct in Ilia hy}iOtlir«iS, 
hui that in any ease it tacitly involves the assumption that ti limited 
pliant itv of mutter |joHsesHes an unlimited supply of heat. If this 
weiv the ruse, then heal would be unlike any other measurable thing or 
quality. It Is, therefore, more consistent with the course of nature to 
suppose thal the amount of heat in £i l«dy is like the quantity of elas¬ 
tic fluid tilling n vessel, which, while definite in original amount, one 
innv make less and less by getting nearer to a complete exhaustion* 
Furl her, to realm? the absolute xere in the one mse is just us raipo*H 
si hie si* to realize the absolute vacuum in (he other: and as we do not 
doubt a Kero of pressure* although it is uimt tmimble, for the same rea¬ 
son we might to accept the reality nf the absolute zero. We know 
now iliat tiav luLSstie was wrung in supposing the increment of tom- 
peniluiv arising from a given gaseous co mpress inn would produce a 
corresponding decrement from an identical expulsion. After this 
time the zero of temperature was generally recognized ns n fixed ideal 
point, but in order to show that it was hypothetical, a distinction was 
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drawn between the u#£ of the- expressions zero of absolute tempem- 
turc auiJ the absolute zero. 

Tin- whole ijuedluii took sin entirely new form wlum Lord Kelvin* 
in 1848* lifter the mecliiuiicid equivalent of heal hull liern dn-mmum'd 
by Joule* drew attention to the great principles underlying runmTs 
work on the Motive Power of Heat* fUid applied them to sin al salute 
method of triupcmture mctioiiciiicnl which is completely independent 
of the properties of any particular substance. Tho principle was that 
for a difference of I ■ on this scale Ijctween the temperatures of the 
source and refrigerator* n perfect engine should give the same amount 
of work in every part of the scale. Taking the same fixed points els 
for the tnntigmde scale* and making **f the new degrees coyer 
that range, it was found that (he degrees not only willmt that nuige T 
hut as fur Is vend as experimental data supplied the means of com¬ 
parison, differed by only minute quantities from those of Keg.ItV 

air thermometer. The zero of the new scale had to be determined by 
the v0n.Hide111t.ion that when the refrigerator was at the zero of leuipr 
atm 4 ® the jierfrct engine should give an amount of work equal to the 
full mechanical equivalent of tho heat taken up. This h-d to a zero of 
i*73 below the temperature of freezing wale r f an Instant ially the si me 
ns that deduced from a study of the gaseous statu* It wis a grear 
advance to demonstrate by the application of the laws of thermody¬ 
namics not only that the zero of temperature is si reality, but (hut. it 
must la- Located at 373 helow the freezing point of water. As no one 
has attempted to impugn the solid foundation of theory tod experi¬ 
ment on which l s>nl Kelvin bused Ills tliermodymimic scale, ihe exist¬ 
ence of a definite zero of temperature must be acknowledged as a 
fundamental scientific fact. 

LIQUEFACTION OF OASES AMD CONTINUITY UK STAYF, 

Iii the-^ speculations, however, chemists were deeding tbeciirtiHillv 
with temperatures to which they could not make any but tin* iiio^t dis¬ 
tant experimental appiTtfeku thillen, the teacher of Black. had indeed 
shown how to lower temperature by the evaporation nf volatile bodies 
such t\A ether, by the aid of the air pump, autl the later experiments of 
Leslie and Wollaston extended the same principle. Davy and Faradav 
made the most of the means at command in liquefying the more con¬ 
densable pises, while at the same time Davy pointed mu that they irj 
turn might be utilized to procure greater cold by tln-ir rapid recoti- 
vemon into the neriform slate. Still the chemist was soroly hampered 
by tho want of some powerful and aocmible agent for the priHluetioii 
of temperatures much hover than had ever been attained* That want 
was supplied l»v IMoricr, who hi IHS5 prodwswl liquid wirbonio udd 
in forge qmirfitie*, and farther iimdr the forhiriate Ui* orcrv that ilii- 
liquid could In* frozen into a snow hy it* own evaporation. Famdnv 
wns prompt to take advantage of this new and jxitent iigviit, Under 
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exhaustion In- lowered it 1 ' boiling point from minus TB C. to minus 
I ].o t'„ and by iximbiaiug this low tetiipcnuure with pressure all the 
jjawte were liquefied by the year 1H44, with the oijfccptiun (if the thrc* 
elementary eases hydrogen, nitrogen, and oxygen, and three com¬ 
pound gates— carbonic oxide, marsh gas, and nitric oxide, Andrews, 
some twenty-five years after the work of Faraday, attempted to induce 
change Hh f state in the unco tide used gases by using murh higher plea¬ 
sures (!l:in l'’a onlay employed. tViiiliiiiiiii/ the temperature of a solid 
carbonic m id lath with pressures of 3 iki atmospheres, Andrews found 
that none of these gases exhibited any appearance of liquefaction in 
ancli high states of condensation; but no far ns change of volume 
by high compression went, Andrews continued the earlier work of 
Nation-r by showing that the gases become proportionately less com- 
press!hie with growing pressure. While such investigations were 
proceeding, ltegniMtlt and Magnus hail completed their refined inves¬ 
tigations on the law s of Boyle and (lay-I, tissue. A very important 
series of experiments was made by .Joule and Kelvin “On the thermal 
effects of fluids in motion" about 1SB2, in which the thennometneal 
effects of passing gases under compression through |kuous plugs fur¬ 
nished important data for the study of the mutual action of the gas 
molecules. No one, however, had attempted to make a complete study 
of a liquefiable gas throughout wide ranges of temperature. I life w as 
ueijGiiiplfelied by Andrews in Ib0U, and his Baker in u lecture “On the 
continuity «d the gaseous and liquid slates of matter will always lie 
regarded as an epoch-making investigation. During (ho course <>f this 
research Andrews oliservcd that liquid’carbonic acid nifecd to a 
temperature of B1 V. lost the sharp concave surface of demarcation 
between the- liquid and the gas, the space being now occupied by a 
homogeneous fluid which exhibited, when the pressure was suddenly 
diminished or the temperature slightly lowered, a peculiar appearance 
of moving or fluke ring striie. due to great local alterations nf density. 
At temperatures above SI the separation into two distinct kinds 
of matter could not Is* effected even w hen the pressure reached 4< n 1 
atmospheres, This limiting temperature of the change of state from 
gas to liquid Andrews adled the critical temperature. He showed 
that this tem perature fe coiwtant, and differs with each substance, and 
that it is always associated w ith a definite pressure peculiar to cud) 
body. Thus the two constants, critical temperature and pressure, 
which have been of the greatest importance In subsequent ilivestigu- 
tions, eiiiue tip be defined, and a complete experimental proof was 
given that ‘‘the gaseous and liquid states arc only distinct stages of 
the .same condition of matter and are capable of passing into one 
another by a process of continuous change." 

lit IST3 an essay “On the continuity of the gaaeoua and liquid state." 
full of new and suggestive ideas, was published by van der Yi aids, who, 
recognising the value of Clausius’s new conception of the vtrial in 
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dynamic frrrii Img-i-outiiuinl r^rie* of motions nit lier oscillatory or 

< I milling i^it'Klintrl^ slowly with thmv sippli^l h «*tl .(Moderation 

BP f the iiuilfMiilur timveiurnt^ uf the particle- t lhi< gaseous *uhstimce, 
nud after much re lined mvr.Htigntion, mid the fullest experimental 
Hi Inn hit ion available at the limn, devised hl^ well-known equation of 
eontiuuit v. Its paramount merit h that it is based entirely on a 
userlm ideal fpmndntion* and is in no sense empiric?; we may therefore 
look upon it as having a swu re foundation in faint, but us being capable 
of extension and improvement* Janie* Thomson, realising that the 
straight- line breach of runtihUNUs •■urvaturi' in the Andrews isother¬ 
mal* wan untenable to the phyMeal mind. pmpcntndrd hi* emendation 
r n f the Andrew* curve* — namely. that they were continuous and of S 
form. Wo eiI* o owe to James Thomson the conception ami execution 
of a three-dimensional model of Andrews** result*, which ha* been of 


lhe greatest service in exhibiting the three variable* by means of a 
.”[«vilir surface afterwards greatly extended and developed by Prof. 
Wil l=i i 'l (lildas. I he suggestive work of Jutnc^ Tbiunsim undoubt¬ 
edly Wit* n valuable aid to van der Wants^ for u> soon ns lie reached the 
]Kunt where hi* equation had to .show the continuity of the two state* 
tliis wn> the first difficulty he had to encounter, and lie succeeded in 
giving the explanation. He also gave a satisfactory reason for the 
existence of a minimum value of the product of volume and pressure 
in ihe Kegniiiilt isotlierimih. Ills isothermal, with James Thomsons 
cuiiipletion of them, were now shown to lie Hie results of the law* of 
dynamic*. Van der Wauls applied the new equation to the considera¬ 
tion of the coefficient* of expansion with teuijM'ralure amt of prtjssuru 
with i emtjemturiy showing tlisii although they were nearly equal, nev- 
erthele** they were altruist independent quantities. [Us investigation 
of the capillarity constant was masterly, and he added further to our 
knowledge of the magnitudes of the molecule* of guse* and of their 
menu free path*. Following up the experiments of Joule and Kelvin, 
tie showed how their cooling coefficients could Ijo deduced, luk! proved 
that they vanished ut a tonipcnittire in each cinse which is n constant 
multiple of the qjecific critical temperuttirp. J’he equation of conti¬ 
nuity developed by van der Waal* involved ilu- use of three constants 
instead of one, a* in the fdd law of Hoyle and Charley the latter hdim 
only utilised to express the relation of temperature, plenum, atsd 
volume, when the gas i* far removed from its point of liquefaction. 
Of the two new nuisiunt* one repressmiis the molecular pressure an*- 
ing from the attrition k tween the molecule*, Llie other four tunes 
lUv vol,,.,,,. of t In- iimJocnh-H, Gfvwi th«» constant* of a jjis. ran dvr 
W mk showed that hu aquation not only fated into the general char* 
actors of the isothermal*, hilt al^vc the value* of the critical tern- 
p nilniv. the critii-al pressure, and the critical volume. In the ,a*« 
uf carbonic acid the theoretical result* were found to be in remarkahle 
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ajTT^pmnnt with the experimental mines of Andrews, Tim gave 
ihcmist* the means of ascertaining t he criticnl conptante, proviiW *uf- 
lincnriv accurate data derived from tin 1 study of it few properly dis¬ 
tributed isothermals of the gaseous sutatanee wore eve liable. Such 
importrud dlbt iumi* into the possession of i hcmists ffhoi Amagat 
published his valuable [Mipcr on “ The isothermal* of hydrogen, nitm- 
jji'ii, ox?gViii ethylene. He., in the year JSSii. It now I ►famine possi¬ 
ble to calculate the critical data with comparative aamrocy for the 
so-called pernmneht gases oxygen ami nitrogen, and this was ilone hy 
Snrnm in ISS2. In the meantime a great impulse had been given to a 
further attach upon the so-called permanent gases by the suggestive. 

xpevimrnt* nifidf by .Pictet and (Jailletet, Hie static I iquo faction of 
oxygen wan e Lbs-t id by Wrobh wski in 1SS3, and thereby the theo¬ 
retical conclusions derived from van der Waals’a equation wen* sub¬ 
stantially continued. The liquefaction of oxygen and air was achieved 
through tiie use of liquid ethylene a> a cooling agent, which enabled a 
temperature of minus I4o to he maintained by ii> steady evaluation 
i» vacuo. From this time liquid oxygen and air came to he regarded 
ii-. 1 1n- potential cooling agents for future research, commanding ns 
(hev did ;i temperature of ‘20 n Indow melting ice. The theoretical 
Mile of the question received ut the hands of van der Wantou second 
contribution, which was even more important than his original es»y, 
and that was his novel and ingenious development of what he mil* 
"The theory of corresponding states, p He defined the corresponding 
states of two substances as those in which the ratios of the tempera* 
hire, pressure, and volume to the critical temperature, pressure, and 
volume, respectively, were the same for the two substances, and in cor¬ 
responding states he showed that the three pairs of ratios all coincided. 
From this a scries of remarkable propositions were developed, some 

new, some proving previous law* that were hithert.. empiric, 

tint! some completing and correcting faulty though approximate laws. 
As examples, he succeeded in calculating the boiling |H>int of carbonic 
arid from observations on ether vapor, proved Kopp's law of molcc- 
ulnr volumes, and showed that at corresponding temperatures the 
molecular latenl heats of vaporization are proportional to the absolute 
critical temperature, and that under the same conditions the ooeffi- 
cients of liquid expansion tire inversely proportional to the absolute 
critical temperature, and that the coefficients of liquid compressibility 
arc inversely proportional to the critical pressure. All these proposi¬ 
tions and deductions are in the main correct, though further expert- 
mental investigation has shown minor discrepancies requiring expla¬ 
nation. Various proposals have liecn made to supplement van der 
Wants'* equation so as to bring it into Line with experiments*, some 
l*dng entirely empiric, others theoretical, Clausius. Sarrau, \Vm- 
hlewski, Hat tali, and others attacked the question empirically, and in 
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the mu in preserved Lho oo-volume (depending on the total volume of 
the molecules) unaltered while trying to modify the constant of undcc- 
nliir attraction, Their success depended entirely on the fart that, 
instead of limiting the number of eon stunts to three, borne of t liens 
have increased them to a* many tts tr^ia P <bi tin? other hand, a series 
of very remarkable theoretical inYestigitlson- bus hern made by van 
dcr Words himself, by Knminer]ingh Omit 1 ** Kmicweg, Jaeger. Boltz¬ 
mann, Dictcriei, and K« ingamim, and others, nU directed in the main 
toward an admitted variation in the value of the co-volume while pre¬ 
serving the molecular attraction constant The theoretical deductions 
of Tnit lend to the conclusion that u substance below its critical point 
ought to have two different equations of r.hn van dcr Wash type, 
one referring to the liquid and the other to the gaseous phase. One 
important fact wm soon elicited -TiutnHy, that the law of cor respond - 
ence demanded only that the equation should contain not more thin 
three constants for each Imdy. The simplest extension is that made 
by keingiLiLum, in which he increased the pressure for a given mean 
kinetic energy of the part teles inversely in tie ratio of the diminution of 
free vul nine* due to the molecules [h messing linear extension, Herthetut 
has shown how a " reduced” isothermal may in-gut by taking Mouther 
prominent [mini* sir’ unit* of measurement instead of the critical 
eewd bates. The iirn^t suggestive advance in the mtpm cement of I he 
van der Wauls equation has lx-cn made by a lady, Mine. Christine 
Meyer. The idea at the btse of tlii^ now development may In? under¬ 
stood from the following general statement: van dor Wools brings the 
van dor Winds surfaces for all substance* into coincidence at the point 
where volume, pressure, and temperature are nothing, and then 
stretches or compresses all the surfaces parallel to the three axes of 
volume, pressure, and temperature until their critical points coincide. 
But on this plan the surfaces do not quit* coincide because the points 
where ilia throe variables are respectively nothing are not mmwpond- 
ing points. Mine, Meyer's plan is to bring till the critical points first 
into ©oincidence, and then to compress or extend all the tapiraenuttfre 
surfaces paraUd to the three axes of volume, pressure, and tompumtiuv 
until the surfaces coincide. in this way, taking twenty-nine different 
substances, she completely verifies from experiment van der Wadtfs 
law of oemspondence. The theory of van der Wauls ha* bften one of 
t he greatest mq^Hmice in dieting experimental investigation and in 
attacking the difficult problems of the liquefaction of the most perms- 
pent gum. One of ib greatest ttiuniplte Iiils been the proof timi llie 
cntiwl ,md ihe (.oiltnir point of hydwgiu, tWtttollr 

**“? h >, " "* !ewskl t study of the Uothvmmh of tb, 

lukfflfnr^vuthe tempomturo of Jiquufecdpo ar» m.inrkablv near 
rlie ex penmen Ui I valm*. We . llfl y «if«.|y infer, therefor, that if her*, 
nfterifltt be discovered in *maU quantity even four tunes mow volatile 


HISTORY OF COLD AND TFIE ABSOLUTE ZKRO. 


2W 

thmi liquid hydrogen* vet by a study of its Isothermal^ at low tamper 
uturi* w« shall succeed iit hading its must important liijuiil ^pnstuuts. 
Although the in plait jtm of tin* reul liquid may for the time 1 h> imposeibhn 
It in perhaps imt top much to my that an a prolific source of knowledge 
in the deportment dealing with the continuity of state in matter, it 
would Ihj necessary to gn hack to Carnots cycle to find a proposition 
of greater imparlance than the theory of van der Wnala and bis devel¬ 
opment of the law of corresponding states 

It will he apparent from whai has just lieen said that, thanks to the 
la ho is of Andrews vllii der Waals, and others, theory had again far 
outrun experiment. We could calculate the conattntB and predict 
sown of the simple physical characteristics of liquid oxygen, hydrogen* 
or nitrogen with a high degree of confidence long before any one of 
the three had Iwn obtained in I hr static liquid condition permitting (if 
the experimental verification of Lijc- theory. This was the more tanta¬ 
lizing. because, with whatever confidence the chemist may ant Erl pate 
the substantial corroboration of Id* theory, ho also anticipates with 
almost equal conviction that as he approaches more and more nearly to 
the zero of absolute temperature liu w ill encounter phenomena com- 
polling i nod ificat i ui i, re vision,, an d refinement of formulae which fairly 
covered the facts pravioiisly ktlOWin Just h> nearly seventy ymrs ago 
chillis is were waiting for some mean* of getting a tempera tun; of Ion 
below melting ice* so ton years ago they were casting about fur the 
means of going t oo lower sttlL The difficulty, it need hardly be said, 
im-raises in il geometrical rather than in liu arithmetical ratio, its 
magnitude umy In- estimated from the fart that to produce liquid air 
in the atmosphere of an ordinary laboratory is a lent analogous to the 
production of liquid water starting from steam at a white heat and 
working with all the implement* and surroundings at the same high 
temperature* The problem was not ^o much bow to produce intense 
cold a# how to save it when produced from being i mined lately leveled 
up by the relatively superheated surround ings. Ordinary nunemiduct¬ 
ing pickings were iimdmisdblr because they are both cumbrous and 
opaque, while in working 1 near the llmiteof nut* resound it is essential 
that the product should la: visible and readily handled. It was while 
puzzling oyer this mechanical ami manipulative difficulty in ISBS that it 
occurred to me that the principle of an arrangement used nearly twenty 
ymm before in some calorimetric experiments,' which was luised upon 
the work of Ihilongaml Petit on radiation* might be employed with 
advantage as well to protect cold substances from heat as Imt ones from 
rapid cooling, I therefore tried the effect of keeping liquefied gases in 
vessel* having a double well, the annular spare between being very 
highly exhausted^ Experiments showed that liquid air evaporated at 

(he physical roasiants el hydn^mLim/' Trans, Key. |§;,l 

h I t liuw Appears I hcU ^itnilar vsswIh were employed Uy Professor Violb m n TvstimJi 
entitled "£uj nn adoitnigire per refraid^nienti' 1 Comp, Rendu, 1SS2* 
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only.t-tifth of Hit- mtr |«n■ t ; 11 1injj* when h wils placed in n similar 

unexhausted vessel. owing 0* the convective transference of Itnil by 
th e gas purtich^ being ohurmoihdy reduced h\ the high vacuum. But, 
in addition, t hese vessels lend themselves to an arrange!in'iit by which 
radiant heat mu id so be tut off. Lt was found that when the inner 
walls were coated with ti bright diqiosdt of silver tlit- influx of bent was 
diminished to one-sixth the nniiuint euionng without the metallic Cotil- 
iag + The total effect of tin- high vacuum and thesilvering is to reduce 
(In- ingoing henl to about ■> per cent. Thr efficiency of such ves&wls 
H[r|jond-s upon ge(fmg high a vacuum n> possible. niir! £■ old 3- one of 

(hr I'M mr:ith of effecting thr desired i-xhiiusttoii. All that is neces¬ 
sary is Ui till ix>tnjjlctely thi- Sfmee that ho* to hr exhausted with :m easily 
condensable vnjjor, a ml then to freeze il mil hi a receptacle attached 
to tin- primary yrssd that «m ia- sealed off. The advantage of (bis 
inclhod i> that no air pump is iiH|tiirvtJ ami that theoretically there is 
do limit to the degree of exfuuiHluui (Inn run be oUuutircL The action 
is rapid, provider] liquid air is tin- cooling agent, mid vapors like mer¬ 
cury. wtt(ei\ or honrol mv employed. It i> obvious (but when we 
have to deal with such an except tonally volatile liquid us hydrogen* 
llie vapor tilling may hr i uni tied Idealise nir i tmlf is now an easily 
condensable vapor. In other word*. liquid hydrogen, collected m 
such vessels with the annular space Full id air. ini mediate] v solid r- 
rie< the ivir and thereby surroundswith n high vucituuL In tbe 
saiue way, when it shall lie possible to collect a liquid 1 toil mg im the 
aiHulute scale at about.“» , us compared with the^n of hydrogen, then 
you might have the annular spice Idled with the latter gas to fiegEn 
with, and yet get directly a very high vacuum, owing to the sdidifita 
tioti of the bydrogvn. Many combinations of vacuum vessek uin be 
arranged, and the lower the temperature nt which wo have hi oj^mle 
the tnoiv useful they liewme, Vessel*of Ibis kind hit now in general 
use, and in them liquid air has crossed the Amerimn com inenl. Of the 
various forms, that variety is of special itiiportnme whirl) bus a spiral 
tulae joining the hiittmu part of the ivalk. (but niiv liquid gn* may 
be drawn nlf from the interior of sm h a ve^b i u the working of 
i lenitive roils Much A device Worms all important, and such sp^ial 
vcsscK vnu not be dispensed with for the tupiefactlon uf hvdmgcn. 

In tlm early experiments of Piotet and CailleteL i-ooling Hrui [KU _ 


duccd by the sudden expanaion of the highly comprrs^cl gas pn femhlv 
U( II low tenjpcrutviiT, the former using n jet tlmt lash d fur some time 
th * llUt|,r « inrtmtaneoiis ndiaViatic expulsion in n strong g tnm hd^' 
Neither process practumble a mode of producing buiiid mms, 
but Tmtf) gave valuable imlirotions nf partial change into the liquid 
state by the produetba of a teiupiran mlsL Linde, however 

tfl “f .nt in nous use of a jet of highly compiled gas, combim d 

»,U, «|i„„. lM j .. „ iiut 

'* k ' d tlle Ktl ' '"•• l oo1 * »"<l liD Kujpcewled in makiiie a niMhiiie, 


HISTORY OF COLD A Nil THE ABSOLUTE ZERO. 


*221 


based un tin* principle, capable of producing 1 liquid siir for mdusiria) 
purpuaiM, These hs i*rimonters haul proved that, owing to molecular 
attraction* compressed gases passing through at jjoruus plug or small 
aperture worn towered In temperature hy tin amount depending on the 
difference of 1>rosnurc and inversely ns tin? square of the absolute tem- 
|a-nMiitr + This menus that for el steady difference of pressure the 
coaling i' greater the I owe r the temperature. The only gas that did 
Hot show cooling under sucti condition^ was hydrogen* Instead of 
being cooled it became unlunlly butter* The ivhsuh for this apparent 
anomaly in the Kcl vm-flonle idfert is that every gas has a tbertiioiuetrie 
jiojEEt of inversion above which it is heated and Mow which it i* 
cooled. Tliia Inversion point. according to van dor Wantis, is *i.\ and 
ihre*-quarter times the critical |kdnt. The cllieik-ney of sin- Linde 
process depends mi working with highly compressed gu- well l^low 
the inversion temperature. mad in tlir- fopeei lids point nisiy be ^li-l 
to hike the place of the irriticnl line, when in the ordinary way direct 
lii|Lie.ftn tioiJ is being effect in I hy the Else id speeilir liquid cooling 
rtgentf- Tin- success of Imlli processes depends iijHin working within 
:i certain temporal: uie range, only the Linde method gives lls ii much 
wider nmgc of leuipcmlutv within which liquefae-tim can he effected. 
This is not lhe ai.>e If* instead of depending oh getting moling hy tie- 
in triTnil work dune hy the alt ruction of the gin iinilei-uW T we force 
the eouipmssrd gas to do external Work Us in the well-known aur 
iDEirhincs of Kirk suad Loir main. Both tbc>e inventors have pointed 
out that there mi limit id tcmpewittire, short of liquefaction of the 
gas in iim- in the ifrenil. that such machines mv not capable of giving. 
While h is thoorMienlly char Eliait such machines ought to be capable 
of tiiEimtuitiiiig the lowest temperatures, ami that with the least 
expenditure of power, it is a very different matter to overcome the 
practical difllriiUies of working such machines under the condition?, 
t'olemtnv kept a machine delivering air at minus s:i for hour?, but 
lie did not carry his experiments any further. Recently M. i/butde, 
of Paris, has* however* ajuvcecded in working ai machine of this type 
so efficiently lhot he has managed to produce 1 liter of Ii■ 11 [i>I air per 
horsepower ex|Mmdcd per hour in the running of the engine. This 
output is twice us good els that given by the Linde machine, ami thore 
is no reason to donht that the yield will Is* still further improved. It 
is i-]o:ir* fhorefore, that in the immediate future the production of 
liquid air and hydrogen will he effected nii>^i et-ono mi cully by the use 
of machines producing cold by the expenditure of mecimnical work. 

LIQUID UYDHOOKN AND IIELEI M. 

To the physicist the copious production of liquid air by the methods 
described was of peculiar interest and value as affording the mean? of 
attacking the far moie difficult problem of the liquefaction of hydro* 
gem and even ms encouraging the hope that liquid hydrogen might in 
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time to employed for the liquefaction of yet uw volatile dements, 
iL|>nri frmu the importance which ils liquefaction mud hold in ill*? 
process of the sternly mlvuriei 1 toward the absolute /cm Hydrogen is 
an element of eepccial interest, because the study of it- properties and 
chemical relictions led great chemist* like Faraday, I burn*. DnnitdL 
Graham, and Andrew* to entertain the view that if it could ever he 
brought into the state of liquid or solid it would reveal mcttiiliv char¬ 
acters. looking to dir special chemical relation* of the mm hi net! 
bydrogoti in water, alkaline oxides, adds, and silts, together with the 
behavior of these substances on electrolysis we are forced to com-hntc 
that hydrogen behave* a> l lie analogue of a metal. After the >n-eiui ifnl 
discover v of 1 imbum that pal lad in in ran absorb sumo hundreds nf times 
its awn volume of hydrogen, and Alll retain its luster arid general 
metallic character. the impression that hydrogen was proto I dy a mem- 
tor of tie 1 metallic group became very general, Tho only ctoinisi who 
udophsl another view was my distinguished predecessor, Profe-sov 
Odling. til hi' Mantial of (Tieuiistry, published in l-^H. be punted 
out lhat bydmgen hm chlorous well basic relations, aim 1 thus they 
are hm decided* important, ami frequent a* its other relation*. From 
such consideration* he arrived at the conclusion that hydrogen is cksch- 
dally n neiLin.il or interurirdiate body, and therefore wo should not 
expert to had liquid or solid hydrogen possess the appearance of n 
metal. This extraordinary prevision, so ehimietoristk of CMliiig, 
was proved to to correct -some thirty -seven yen rs after it was 
made. Another eurioiH aritieipsition wsis made by Dumas* in a letter 
addressed to Pictet, in which he ways that the metal most analogous to 
hydrogen L magnesium,, and that pmliahly 1 M>ih elements have the 
same atomic volume, so that the density of hydrogen, for this reason, 
would he about the value elicited hy subsequent experiments. Later 
on, in 1*7:2, when New IniitLs begun to arrange the cleinenls in periodic 
groups, he regarded hydrogen it* the lowest mem tor of the chlorine 
family; but Mendelcef* in his later classification, placed hydrogen in 
the group of the alkaline metals; on the other hand, Pr/johnstono 
Stoney claves hydrogen with the alkaline earth metals and magne¬ 
sium* From this specuktive divergency it is clear no definite tidu- 
dumon could to reached regarding the physical properties of liquid 
or solid hydrogen, and the only way to arrive at the truth was to 
praeecuto tow-temperature research until sucres attended tbi L efforts 
to produce its llqiif-faction. This n suit 1 definitely obtained in inm* 
The C0S4I of liquid hydrogen is, in fact, an excellent illustnithm of the 
truth already referred to, that no theoretical forecast, however 
apparently juiftificd by analogy, can lie finally accepted a* true until 
confirmed hy actual experiment. Liquid hydrogen is a colorless trans¬ 
parent body of extmordinary intrinsic intoresL. Jt has a dearly 
defined surface, h easily seen, drops well, in spite of the fact that its 
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surface tension is only the thirty-fifth part of that of water, or about 
one-rifth that of liquid nir + and run be poured easily from vessel to 
vessel. The liquid does not conduct electricity, and, if anything, is 
slightly diiuuagiietk. (-ompnrrd with ms equal volume of liquid air. 
it requires only one-iifth the quantity of heal for vaporization; mi the 
other 1 1 arid. it- sped lie heat i- six times that of liquid air nr three tinier 
that of water. The coojticient of expansion of the fluid is remarkable, 
being iikmT leu times that of the gws. Ii js by far the lightest liquid 
known tu exist. Its density being only one-fourteenth that of water. 
The lightest liquid previously known was liquid marsh gas, which is 
fix times heavier. The only solid which has m> sinn.il density cis to 
float upon its surface is n piece of pith wood* It 3s by far the coldest 
liquid known. At ordinary idmo^pherit pressure ii boils at minus 
252.a or 2t*.a absolute. The critical point of the liquid fe from 
3QF to u2 absnliitf fc T and the critical pressure not more but pm Etui dy 
Icss than fifteen atmospheres. The vapor of she hydrogen arising 
from the liquid has nearly the density of air; that is. it Is fourteen 
times that of the gas at the ordinary tempunilure. Reduction of 
tiie pressure by an air pump brings down the temperature Lo minus 
258 .when the liquid bruomcri a solid resembling frozen foam, and 
this by further exhaustion is rinded Up minus 2*9. S or lH.fi ■ absolute, 
which is the lowest steady temprniturn that has been reached. The 
solid may also Iie got in the form of n eiear transparent ire. melting 
lit about 15 absolute, under a pressure of SB mm*, possessing the 
unique density of one-tenth that of water. Snob wild involves the 
g{d id ideation of every gaseous m distance but one that is at present 
definitely known to the chemist, and so liquid hydrogen introduces the 
invedlgator U* a world of solid Ipodies. The coMtniHfc lie tween this 
refrigerating substance and liquid air is most remarkable, On the 
removal of the loose plug of ml Lon wool used to rover the mouth of 
the vacuum vessel in widt h Ii is stored, the action is followed by o 
miniature snowstorm t'f solid air, funned by the freezing of I Til- titmoS’ 
pberont the point w hore it cornea into contact with the told vapor 
rfemg from the liquid. This solid air falls into the vessel and 
accumulates as a white snow at the bottom of the liquid hydrogen. 
When the outside of an ordinary test tube is cooled by immersion in 
the liquid, it fe *mkto observed to till up with solid air. and if the tube 
be now lifted out a double effect is visible, for liquid air is produced 
both in the inside and on the outside of the tnlie- in the one ease by 
the melting of the solid and in the other by condensation from the 
atmosphere, A tuft of cotton wool soaked m ihe liquid and then held 
neur the pole id u strong magnet is attracted* and it might tie Inferred 
therefrom that liquid hydrogen feu magnetic body* This, however, 
is util the ease, Tlie attraction is due neither to the cotton wool nor 
to the hydrogen -which indeed ovapoimtes utmost as soon its the tuft 
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m taken out of the liquid—but to thy oxygen of the air, which in 
well known to be a magnetic both * frozen in the wool by the extreme 
cold. 

The strong t^mdrusing powers of liquid hydrogen afford a simple 
means of producing \ a run of very high tenuity. W]jeu one etui of it 
sealed tube containing oidbury air i> placed fora short lime in the 
liquid, the contained air accumulates as a solid at the Wt<um while 
the higher jwt is almost entirely deprived of particles of gun, So 
perfect is the vaeumn thus formed, that the electric discharge ran be 
made to pass only with the greatest difficulty. Another important 
application of liquid air, liquid hydrogen, ete.. Is as analytic agents. 
Thus, if a gaseous mixture be cooled by means of liquid oxygen only 
those eons Li Limits will be left in the gaseous state which are les^ con¬ 
densable than oxygen- Similarly* it" this gaseous residue lie In its 
turn c^tHjled in liquid hydrogen U utill further separation will be 
effected, everything I hat is less volatile than hydrogen Iwing con¬ 
densed to a liquid or solid. By proceeding in this fashion it has 
been found possible to isolate helium from a mixture in which it is 
present to the 1 extent of only one part in one thousand* By the 
evaporation of solid hydrogen under Llie air pump we nan reach 
within 1“ or H of the zero, but there or thcrcuhnni* onr progre^ 
1 h barred. This gap of IS might seem at tirsl sight in^igniticaut in 
c^oiii|surisoa with the hundreds that lu*.\v already been rnnqiien^L 
But to win tine degree low down the scale is quite a different nuttier 
from doing aout higher temperatures. In faet + to annihilate these few 
remaining degrees would be a far greater achievement than any no 
far accomplished in hi w-temperature research. For the difficulty is 
Lwofold, having to do partly with process and partly with mate¬ 
rial * The application of the methods; used in the liquefaction of 
gases becomes continually harder and more trollblesmuc as the working 
temperature is n^duecd- thus, to pass from liquid nir to liquid hydro* 
gen-- a difference of 60 is, from a thenuodynumie point of view, us 
difficult us Co bridge the gup of leo (bat separates liquid chlorine and 
liquid nir + By the use uf a new liquid gas exceeding hydrogen in vola¬ 
tility to the same extent as hydrogen does nitrogen, the inve>tigutor 
might get to within 5 of the zero; bm even n second hypothetic! 
substance, again exceeding the iirsl on- in volatility to un equal extent, 
would not suffice to bring him quite lo the point of IiF ambit icon 
That the zero will ever lie reached by man Is extremely improbable. 
A themmmeter introduced into regions outside the uttermost coniines 
of the earth's atmosphere might approach the absolute zero, provided 
tJmt its jKiris were highly transparent to all kinds of radiation; other- 
wise il won id be affected by the radiation of the suu T and would there- 
fom become heated. But supposing nil diflwaHfos to he overranu\ 
-nd the experimenter to he aide to mn-!i within a few degrees of the 
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mm | [i ir, hy tin menu* certain ibat he would find tin 1 nwapproach 
of the death »f matter sometimes pictured. Any forecast of the phe¬ 
nomena that would lie seen mu si b '-ised mi I he assumption that 
the it is continult v lwtween the processes studied at attainable temp'r- 
aturea and those which take place at still lower ones. Is siuli an 

.. . |ition justified? It is true that many change* in the properties 

of substances have been found to vary steadily with the decree of cold 
to which they are exposed. But it would he rash i" take for granted 
that the change* which have I sect) traced in explored regions continue 

to the .sunn- extent and In the si.. met ion in those which are us yet 

unexplored. Of such n breakdown low-temperature research hits 
already yielded a direct proof at least in one case. A scries of experi¬ 
ment* with pure metals showed that their electrical resistance gradu¬ 
ally decreases as they me cooled to lower and lower temperatures, in 
sneli ratio that it appeared probable that at the zero of absolute tem¬ 
perature the v would have no res is I a nee at ail a tut would become perfect 
cuuduetoraof eleel rieitv. This was the inference that seemed justiJi- 
uble by id Mentations taken at depths of cold which can lie obtained by 
means of liquid air and less powerful refrigerant. But with the 
advent of the more powerful iv frige ran I liquid hydrogen it became 
necessary to revise that conclusion. A discrepancy wa* tirst observed 
when a platinum resistance thermometer was used to usrertuiii I In- 
temperature of that liquid boiling under atmospheric ami reduced 
pressure. All known liquid*, whim forced to evaporate quickly by 
I icing placed htl the exhausted receiver of mi air pump, undergo a 
red inti oh in temperature, but when hydrogen was treated in lids way 
it itppi’ared to In* an exception, She iv*i*lmic' _ [heirii'Uiicter showed 
uo such rediictiun us was expecti*!, and ii heouiH? u question whether 
It was the hydrogen or the therm mil Her Unit was behaving abnormally. 

I'ltimately. by tile adoption of other flier... appliances, the 

temperature of the hydrogen was proved to he lowered by exhaustion, 
as theory indicated, lienee it was tin- platinum llicruioinatcr which 
had broken down; in other words, the electrical resistance of the metal 
employed in its construction was not. at tempt- rat it nm about minus 
25P V. decreased by cold hi the same propKirtion us at temperatures 
about minus Shi . This being the ca-e. there is t»> longer any reason 
to suppose that ut the absolute zero platinum would liecome a perfect 
conductor of electricity: and in view of the similarity la*tween the 

Indiavtor of phitir.. and tint of other pure metal* in replied of tem- 

[h- nit are and conductivity, the presumption is that the same i* true of 
Ihetii also. At any rate, the knowledge that in the case of at least one 
property of mutter we have succeeded in attaining a depth of cold 
sufficient to hiring idmut unexpected rhatige in the law expressing flic 
variation of that property with temperature, i* sufficient to show the 
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the necessity for extreme caution in extending our infefcmw regard¬ 
ing the properties of matter near the zero of temperature, Ix>rd 
Kelvin evidently anticipates the possibility of more remarkable oiec- 
trim! properties being met with in the metals near the zero, A theo¬ 
retical investigation on the relation of " eleellions" and atoms luts led 
him to suggest a hypothetical metal having the fallowing remarkable 
properties: Below I absolute it is a perfect insulator of electricity; 
at S'- it shoe's noticeable emidnetivity, and m t, ]r possesses high run 
duetivity. Jl may safely >-H? predicted that liquid hydrogen will he 
the means by which Hinny obscure problems of pliysies and chemistry 
will ultimately be solved, so that the liquefaction of the last of the otd 
permanent gases is as pregnant now with future consequences of great 
scientific moment was the liquefaction of chlorine in the early rears 
of the last century. 

The next step toward the absolute zero i- to lint! another gas more 
volatile than hydrogen, and that we posses^ in thr gas occnrrjnu in 
elcvife, identified by Ramsay as helium, a gas which is widely distrib¬ 
uted. like hydrogen, in the sum stars, and nebula;. A specimen of 
this gas was subjected by Olszewski to liquid air temperature-, com¬ 
bined with compression and subsequent expansion, following the 
Cailletct method, and resulted in his being unable to discover itiiv 
appearance of liquefaction, even in the form ..f mist. His experi¬ 
ments led him to infer that the boiling point of the substance i- pi oh 
ably Mow ;■ nhsolote. After Lord Rayleigh ha,| found a new stjurco 
of helium in the gases which are derived from the Hath springs, mid 
liquid hydrogen became available as a cooling agent, a specimen of 
helium cooled in liquid hydrogen showed the formation of fluid, but 
this turned out to i«e owing to the presence of an unknown admixture 
of other gases. As a mutter of fact, a year before the date of this 
experiment 1 had recorded indications of the presence of unknown 
gases in the spectrum of Indium derived from this source. When sub¬ 
sequently such condensable constituents were removed, the purified 

helium showed no signs of liquefaction, even when eompres—d to so 
atmospheres, while the tube containing ii was surrounded with solid 
hydrogen. Further, on suddenly expanding, no instantaneous mist 
appeared, rhus helium was definitely proved to l*, lt much more 
volatile substance than hydrogen h either the liquid or -did condition 

The inference to Iki drawn from the ndinlmlic ..sinn effected 

mid, r the circumstance is that helium must have tombed t 
atum of from b to 10 for a abort time without allowing *nv I™ 
Of Uqucfactinu. and ma-quently that the critical point must be Hill 
w ™ ld forcc ^ anticipate i hat the I mi ling mint of the 
lM * l,ld *f ™ helium will |* f OIU - timt < 

mole \olatile than liquid hydrogen, just as liquid hydrogen is f.mr 
tunes more volatile than liquid air. Although the liqi,, faction of Mm 
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gas is u problem for the futility this Hops not prevent ns from antici¬ 
pating hl, p] 11 l 1 of tlai' properties rjf the fluid IkkI y* It would be, twice 
o# dense a^ liquid hydrogitn if the ratio of the rriti^il constants has 
the mi lie value in the eu^e of hydrogen that is to nur T the critical 
pressure will not exceed 4 or a atmosphere#* The liquid would on 
(hi* assumption [K>s,sess a very feeble ^urftusi tension* and its i-ompppwi- 
ibility and ojmftngihility would lie about four limes Hint of liquid 
hydrogen* while the heat required to vaporize the molecule would he 
about one-fourth Mint of liquid hydrogen* If the critical pressure 
should turn out to be as high ns that of nitrogen or oxygen, then I he 
thud do unity would exceed that of water, and the surface tension 
increased, while the camp hi lily would l* 1 din uni shed. I footing 
the liquid I above il# hulling jaunt would raise the pressure by I if 
atmosphere#, which is mure than four times the im-reiuaiH far liquid 
hydrogen, The liquid would he only seventeen limes denser than its 
vapor* whereas liquid hydrogen is sixtydive times denser than the gas 
it gives olf. i )nly some ft or 4 would separate the critical tempera* 
lure from the 1 toiling jaunt and the melting point, whereas in liquid 
hvdrogen the separation is respectively h' and 15 . As the liquid 
refun tivllik'H fur oxygen* nitrogen, and hydrogen are closely prapor- 
liniutl to the gtvseoiis values* and as Lord Kuyleigb Has shown I hut 
helium 1ms only one-fanrlli the refrnetivity of hydriven, although it 
is twice as dense, we may infer that flic refractivity of liquid helium 
would also be a bunt one-fourth that of liquid hydrogen, unless the 
critical pressure 3s high, which would necessitate hii Increase in the 
value, Now hydrogen has the smallest refraetivitv of any known 
liquid, and yet liquid helium will have only sit tout one-fourfh of this 
value comparable in fact with liquid hydrogen just lidow its crit¬ 
ical point. This means that die liquid will lw quite exeeptionsil in its 
optical pnq nuTies. a in I vent di Hi sail I Iosco. This muy in 1 the explana¬ 
tion whv no mist has liceii seen on it* adiabatic expansion from the low¬ 
est tenqtemiuresL Taking all these reumrkahle properties of the liquid 
into ronrideration, one is afraid to predict I hat wo arc nt pre^nt able 
to cope with the diffirultitts involved in its production and collect ion. 
Provided the critical point is, however, tint below S id solute* then 
from the knowledge of (he euriditkuiH that are siuce>sful in produc¬ 
ing a change of state In hydrogen through the use of liquid air, we 
inriv safely predict that helium can 1*0 liquetied by following similar 
method*. If, however, the critical pout is n> low as tf absolute, then 
tt would In 1 almost hopch— to anticipriO slice l ^ by adopting the pro- 
cess that works so well with hydrogen* The present anticipation is 
that the gas will succumb afteJ being subjected to this process, only* 
instead of liquid air under exhaust ton being used us the primary cool¬ 
ing agent, liquid hydrogen evaporating tinder similar virtu instances 
tuusE be employed. In thL ease the resulting liquid would require to 
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1 h colln-ted in a viii-imiu vested the outer wulh of which iirv Immersed 
in liquid hydrogen, The practical diftieulties and theeiM of t.hn oper¬ 
ation will he very gn at; hut mi the other huiifl* the descent Lou I ■ -m- 
ponuture within h of the Kero would h|h>u out new vitriftp nf seientitie 
inquiry which would add inunctisclY to our knowledge of the proper¬ 
ties of matter. To command in our hibointiirtrs u tempera lure vyhirli 
would hr equivalent to that which ;i miuet might reach at an infinite 
distance from the sun would indeed In- a great triumph for Hienee. 
If |In- present Royal Institution attack on helium should fail, thou We 
must idtiumtcly succeed hy adopting n process lutsed on the medium 
hid pmductinn of cold through the performance of external work 
When n turbine cum l*e worked by campr#&ted helium, the whole of tin? 
mechanism mid rircmis being kept surrounded with liquid hvdrogeiq 
iben wi; need hardly doubt that the lii|Ui;fiietion will h. eirci-ted* In 
all probability gases other limn helium ^ i] I be di-cm cm! of greater 
volatility than hydrogen. It whs at the British Association meeting, 

in 1SIML that I e . If the first suggestion of Mu- pmhiible r-xistenic of 

an unknown element which would lie found to fill up the gap between 
argon a ltd he I turn t and ibis ant icifnit km was soon taken np by others 
and tiHimiitelv aaiUrttied, Jjiter* in the Ibikerhiti Leri iav for ibid, 
1 was led to infer that nnother member of the helium group might 
exist having the atomie weight about 2* nnd this would give ns a ga-- 
stlfl more volatile with which the ab^dnLi- zero might hi- -.till .. 


nearly approached. It is to la? Iio|hkI rliut some stieli element uv ole- 
Tiirni-s may yid b«* isolated and identified im eomnimn oi rmhuliimL If 
among rb. unknown gases ]H^esdng ei vntr tow critimit point some 
have a high critical pleasure instead of a low one. which urtlinniy 
experience would lead us to uni icijmtr. then such difficultly liqnetbibie 
gaM-s would produce fluids having- different physical properties from 
any of those with which we are acquainted. Again* gases nmv e\iM 
having "Ei ml lor Eitoutii; weighls and den^illcs than hydrugrn. u-l till 
^iEteli gases must, according Pi our present views >-f I he gasi-ou* H mti% 
h‘capable nf liquefaelioti before the teem of temperature is reached* 
r |'!a- chemists of the future will find ample scop.- for mvestlgutum 
within the apparently limited range of lempemiuio which sc|*l rates 

solid hydrogen ... the zero, Indeed, great as is the senlhm-nMl 

interest attached to the liqiutfm tiou nf these refractory ga-e. s the 
importance of the achievement lies rat her in the fact that "it opens out 
new fields of research nnd eimrmouHly widen- th- Imrtmn of phvslcal 
scieuee, eaahling the natural phUotojAer to study the properties aM 
iHdun »or of matter under entirely nmel conditions. Tills demrhiifiiit 
of iiu(iury i^yef only iu iteiiiftincy. hut speed* nnd extensive dovi-l- 
opiueul^ may he looked for, sW within recent vears *, v «-ml -pemal 
onogeme lalatnilorie* have been Mal.lislmd IW ihe pro^-ution of 
mdt WajwJww, and n tiqmd^ir plant hi Utomin^ a <-o,n t „on Lidjunot 
to the equipment of tb^Olduarr Utwratorv. 
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THE l i'l'KJt AIR AM) AURORAS- 

The present Hiji.Mil neglect ing i-vh'j thing for lliia moment hut 

the water. was ut !.i previous j m■ r]■ h I of the earth'* history jaill of the 
atmosphere, and itsi-ondoit^tion bus been brought ailiuut by tbe gnid- 
ii:tI cooling of the earthV surface. Tins resulting neeau is subjected 
in the pressure of the rcmiiimiLg uuconderisncl gast-.s and a* these are 

* Lightly soluble they flUstilve l« ftmie ... mi the fluid. The gases 

in soli it hni ion hr taken out by distillation nr by cKhiusling the water* 

and if we roiupiitv their vul.with the volume uf the water ii» fttraJU, 

We should Hih l ilIhiuI 1 vulunn- of air in bUJHhi volumes of sto aim, This 
would then he about the rough proportion of LheMatively pofOMUient 
gus lo coiidofisuble gas which exited ill the rsise of tin 1 vaporised wnm. 
Now let us assume I lie surface of the earth gradually cooled hismw 
9X1 lietuiv the freezing point; (hen. after all the present ocean was 
frozen and the climate berime thrive times more intense than any uretic 
frost, ii new octmii <d liquid air would appear, covering (he entire 
surface «d the frozen globe al mut feet deop. We may now apply 
the same reasoning to the liquid-air ikmuiii tlmt we formerly did to the 
water one. and this would lend us lo anticipate that il might, contain in 
solution some that amiy 1 m» far less enudensable than the chief 

constituents of the fluid. In order to sepAfnte them we must Imitate 
the me tins I of Inking the gases out of water. Assume a sample of 
liquid aircooled to the low fimipenituro (hut can he reached by its own 
evnpnmtitftu connected bv si pipe ton condenser ccm dial in liquid hydro- 
it, 1 !!: 1 lieu iLjiy volatile pm-" present in solution will distill over w ith 
the font jiortiotisof thciii^and niti be pumped oil. Iieing uneujjdc usable 
at Mir temperature of the mndeasor. lu <his way a pas mixture* con¬ 
tain Eng* of the known free hydrogen, helium-and neon f hm been 

separated from liquid air. It binteresting to note in passing that the 
relative volatilities of write rand oxygen are in the same rations those uf 
liquid air and hydrogen, so that the analogy lad ween the ocean of 
water and that uf liqtiitl air hi* another suggestive parallel Tike total 
hues mdeTisuhle gas separated in this way amounts to about one fifty- 

thousandth of the volume of elm air. w hieh nI.. the same projmr- 

tjmi a.- the air dissolved in water. Tliail free hydrogen exist* in air in 
Miimll amount is conclusively proved, but He- rn-tuu] proportion fmmd 
\n thi! prtK-rss is very much smaller than (umlier has estimated hy 
the eomimsthiiL method. The remit experiment of J^ird Rayleigh 
show Hint ( mulier, who estimated the hydrogen present as one rive- 
ihousuinlrh. has ill some way produced mo re hydrogen than he can 
limrnge to extract front pure air by n repctithm of the same process. 
The «pi^tro^5^lc examination of these gases throw* now light upon 
the 11 nest km of the aurora mid the i in lure of the upper nir* On pur¬ 
ine electric discharges through the tubes containing the most volatile 
of the atmospheric gases, they gl with a bright orange tight, which 
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is imperially marked at the motive polt^ The sp&drwcopi* shows 
that llii> light in the visible pari uf the spectrum, chiefly of 

u surer>shm of strung ntys in the red, orange, and yellow, attribute*! 
to hjdrugcm, he!mm. and neon. Besides these, it vast nuinln-rof rays, 
generally less brilliant, are distributed through the whole length of 
the visible spectrum. The greater part of these rays are of, as yet, 
Unknown origin. The violet ami ultraviolet part of the spectrum 
rivals in strength that of the red and yellow my a. As these gases 
probably include some of the gases that pervade intcrplanofcaiy apace* 
search wasiiiade for the prominent nebular, coronal and KUtoml lines. 
No definite lines agreeing with the nebular spectrum maid lie found, 
but runny Hues occurred cicely coincident with the coronal mid aurora.1 
epeetruin. But before diseasing the spectroscopic priiblun it will be 
necessary to consider the nature and condition of the upper air. 

According to thf’ old law of Dalton, supported by the modern 
dynamical theory of gases, meh conKtUueiit of the atmosphere while 
aided upon by the force of gravity forms a separate atmosphere. com¬ 
pletely independent, except as to temperature* of the cithers, and the 
relations Mweeu the common temperature and the pressure and alti¬ 
tude for each specific atmosphere can be definitely expressed. If we 
assume the altitude and temperature known, then the pressure can be 
ascertained for the same height in the ease of each of the gaseous con¬ 
stituents, and in this wav the percentage composition of the atmos¬ 
phere at that place may kdedueetL Supposes we start wiih a surface 
atmosphere having the composition of uur air. only containing two 
teudhoLiMEidths of hydrogen, then at ft! miles, if a sample could be 
procured for analysis, we Mi eve that it would he found to contain 12 
per retd of hydrogen and only 10 \wr cent of oxygen. The L-urkmii: 
acid practically disappears, and by the time we reach 47 miles, where 
the temperature is minus 182 , assuming a gradient of $.2 per mile, 
the nitrogen and oxygen have so thinned nut that the only constituent 
of the upper ait* which is left is hydrogen. If tins gradient of temper¬ 
ature were doubled, the elimination of the nitrogen and oxygen would 
take place by the time 37 miles was reached, with n temperature of 
in in ns 230 . The permanence of I lit- composition of the air at the high¬ 
est altitude, as deduced from the basis of the dynamical theory of gases, 
has been discussed by pdiney, Bryan* and others. It would appear that 
there is n i-onflensue of opinion that the rate at which gases like hydro¬ 
gen and helium could escape from the earth s atmosphere would k Jjccea- 
si rely slow. Considering that to compensate any such loss the sa me 
g*scs arc king supplied by aetiuni taking place in t he crust of the earth, 
we may safely regard them an necessarily permanent constituvnts of the 
upper air. The temperature at the elevations we have been discussing 
would not be sufficient to cause any liquefaction of the nitrogen ami 
Oxygen* the pressure king so low. If we assume the mean temper-' 
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liture ns ill n 'ill the boiling jKiint of oxygen at a imosphorie pressure, 
then u considerable nmount of th» carbome add must solidify as a 
mist, if the atr from a lower level be cooled to this tom|»emtiire; anil 
the same result might take place with other gases of relatively small 
volatility which octur in air. Hiss would explmu the (feuds that have 
been seen at an elevation of 50 miles, without assuming tho possibility 
of water vapor being carried up so high. The temperature of the 
upper air must be above that on the vapor pressure curve corre¬ 
sponding to the Imrometric pressure at the locality, otherwise liquid 
condensation must take place. In other words, the temperature must 
tn, above tho dew point of air at that place, At higher elevations, on 
any reasonable assumption of temperature distribution, we inevitably 
reach a temperature where the air would condense, just as Fourier 
end Poisson Opposed it would, unless the temperature is arrested in 
some way from approaching tin* zero, Both nil ni-viukt absorption 
and the prevalence of electric storms may have something to do with 
the maintenance of a higher mean temperature. The whole mass of 
the air above 4<> miles is not more than one seven-hundredth part of 
the total mass of the atmosphere, so that any rain or snow of liquid or 
solid air, if it did occur, would necessarily ho of a very tenuous descrip¬ 
tion. In any ease, the dense gases tend to accumulate in the lower 
strata, and the lighter ones tu predominate at the higher altitudes, 
always assuming that a steady state of equilibrium has lawn reached, 
U must be observed, however, that a sample of air taken at an eleva¬ 
tion of P miles has shown no difference in composition from that at tlie 
ground, whereas, according to our hypothesis, the oxygen might to 
have been diminished to IT per cent, and the carbonic acid should also 
have become nmeb less. This am only lw explained by assuming that 
a large intermixture of different Sayers of the atmosphere is still biking 
place at this elevation. This is confirmed by a study of the motions 
of clouds about *} miles high, winch reveals an average velocity of tho 
air currents of some 7" miles an hour; such violent winds must l» the 
means of enuring the intermingling of different atmospheric strata. 
Some clouds, however, during hot mid thundery weather, liuvo been 
seen to reach an elevation of 17 miles, so that we have direct proof 
that on occasion the lower layers of atmosphere are carried to a great 
elevation. The existence of an atmosphere at more than mi miles 
above the surface of tho earth is revealed to us by tho appearance of 
meteors and fireballs, and when wo am lake photographs of the spec¬ 
trum of such apparitions we shall loam a great deal about the compo¬ 
sition of the upper air. In the meantime Pickering's solitary spec¬ 
trum of a meteor reveals an atmosphere of hydrogen and helium, nud 
so far this is corroborative of the doctrine we iuivc been discuss¬ 
ing. It ha* long lawn recognized that the aurora is tho result of elec¬ 
tric discharges within the limits of tho eartlrs atmosphere, but it wa$ 
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di Eli cult to understand why its >]>ectrum should bo so entirely differ¬ 
ent from anything which could be produced artificially by electric di>*- 
cbiujpes through rarefied iiir ai the surface of the turtle Wriling in 
isTn* Hand C fepruu, after collecting :ill the recorded cdi^rvutteiiSf was 
iiIdo to enumerate no more thim nine aurond rays, of which but one 
erndd w ith any jurobability lie identified with fays emitted by atmos¬ 
pheric air under sin eketrie dtschuiWp Vogel attributed this want of 
agreement ttutween iksLtLtn. 11 and experiment. in a vague wuy t to differ 
oiivr uf temjmmtuiv and procure: and Zollner thought the auroral 
sport rum to Iwi one of a different order* in l he sense in which the line 
mid I huh l s|Ksvtm of nilrojjvn are said to hr of different orders. Such 
sintiiuctiU wore merely oonfi ssions of ignorance* But shire that time 
observations of the spectra nf auroras have boen greatly multiplied. 
ehiHly through the Swedish mid Danish polar expeditions, and tho 
length id spectrum recorded mi the ultra-violet side has horn greatly 
extended by the use nf photography* so that, in a recent discussiion of 
i ho rosult^t \L Henri Htassazio is able to enumerate upward of one 
hundred auroral mys. nf which the wave length is more or lean Approxi¬ 
mately known, some of them far In the ultra-violet* Of This large 

.. of rays ho is able to identify, within, the prohuhk Bunts of 

errors of ulMcmttian, nlwnit two-thirds as rays, which Professor Live- 


ing and myself have observed to bo emitted by the most volatile gases 
of atmospheric nir unli quotable at the tmnjiemturoof liquid hydrogen. 
Most of the remainder he nscrittes to argon* and some he might. w ith 
more proluhility, have identified with krypton or xenon rays, if ho hud 
been aware of the publication of wave lengths of the specim of those 
gasf>. and the identification of one of the highest rays of krypton 
with that most characteristic uf auronie. The rosy tint often seen in 
auroras. particularly In the streamers* appears to be due mainly to 
neim. i>f which the spectrum is remarkably rich in red and orange 
rays, i >ue or \ wo neon rays are among thoac most frequently observed, 
while the red my nf hydrogen and one red ray of krypton have been 
not iced only out*. The predominance of neon is net surprising, 
N-eing that from its relatively greater proportion in air and it* hm 
density: it iruist tend to concentrate at higher elevations, So liugu a 

.. probable identifications warrants the belief that we may 

yet beaUJe tn repnaiuee ... Uttmtorfes the uiirornUpectnmi in 

Its entirety* It is true tluil we have still to account for the appeal- 
lUSl * of some, and the aWuce of other, ray a of the newlv discovered 
glides, which in Ilia way in which we stimulate them appear to Ik 
equally brilliant and for the alMnco, with one doubtful exception of 
all The rays of nitrogen. |f wo niI( „ t gi ve lhe mi ^ n nf thb ^ 

became wai do not know the Uierhmiism u f luminance -nor even 
whether the reticles which carry the eketr icily are themselves Iimii- 
norns or whether they only produce stre^ during other puth-tai 
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which encounter them to vibrate; yet we are certain that um electric 
discharge in a highly rarefied mixture of gases lights one element 
and not another, in a way which, to our ignominy seems capri¬ 
cious. The Swedish North Polar Expedition concluded from a great 
nmnlHT of trigonometrical measurements that tbeurentgo ubove the 
ground of the Imse of t he aurora was 50 kilometers (^4 inLles) ftt ( ap* 
Tborsdeu, jipitfchi-rgen; ul this height the pressure of the nitrogen of 
the atmosphere would ho only cikml one-tenth of a millimeter. and 
Moigsan and 1 leal sits ft res have found that in atmospherical rat pressures 

|e*s than I . . the rays of nitrogen and oxygen hide and arc replaced 

hv those of argon and by five now rays whieh Staseinno identities with 
ntv^ of the i in ire volatile gases measured by us. Also i'ollie and 
Ramsav's ol^ntitinus on the dktaun> to whieh electrical discharges 
of i-ijual ] potential traverse different guso* explosively throw much 
light on the ijUe>tion: for they find that, while for Indium and neon 
this distance is front £5<i to 300 mm,, for argon it is45| iitim # for 
hydrogen it is 2M> mm*, and for air and oxygen still less. This 
indicates That a good dial depends on the very institution of flic 
gases themselves, and certainly helps us to under stand why neon and 
argon, whieh exist in the atmosphere in huger proportions than helium, 
krypton, or xenon* should make their ujjpcsir&nce in the spectnmt 
of iturnrus almost to llm exclusion of nitrogen and oxygen. How 
much depends not only on the constitution and it may hr temperature 
of the gases, but also on the character of the electric discharge, is evi¬ 
dent from the difference between the spectra at I he cathode and 
anode In different gases, notably in nitrogen and argon, and not less 
remarkably in the more volatile compounds of the atmosphere* 
Paulsen thinks the auroral spectrum wholly due to cathodic hi vs. 
Without stopping to dismiss that i| motion, it is certain that changes in 
the character of the electric discharge produce definite changes in the 
spectra excited by them. It lias long been known that in many sp-ctm 
the mvs which are inconspicuous with mi urn-nude a sod electric dis¬ 
charge become very’ pToaioum-ed whim it Leyden jar is in the circuit* 
This used to lie user i lied to n higher temperature in this i-ondensed 
spark, though mP^Kitreniente of that temperature have not borne out 
the explanation. Schuster and 1 lemsalci-h have shown that these 
rlmnge* of spectra ore in part due to the oscillatory eharaetGr of the 
condenser discharge which may I*- enhanced by self inducl inn, and 
the corresponding eh&nife of ajwctniiii thereby made more pro nnunced* 
Lightning we should expect to resemble condensed discharge much 
more than aurora, but this is not borne out by the spectrum. Pick¬ 
ering's recent analysis of the spectrum of a flash obtained by photog¬ 
raphy shows, out of nineteen lines measured by him. only two which 
cun in' assigned with probability to nitrogen anil oxygen, while three 
hydrogen mys most likely due to water are very conspicuous, and 
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clown may in* reasonably jw>d to argon, krypton, ami xenon, one 
to mom volatile gas of the neon class, mid tin." brightest my of nil is 
but u very little loss refrangible tlnui the elm meteristiv auroral my, 
and coincides wllh :i strung my of calcium. Imt also lies ls-twecu, and 
dose to, on argon and a noun my, neither of l Item weak rays. There 
may lie *onu> doubt idiout the identification of the spectral rays of 
an min* lieeau-sc of the wide limits of the probable errors in measuring 
wave lengths so faint us most of them am. hut there is no such doubt 
iilamt llic wave lengths of the my* in solar protuberance* measured 
by Dcsluudres and Hale. StnssauO found that these mys, forty-four 
tit number, lying between the Fraunhofer line /’and ol4.s in the ultra - 
violet agree very closely with rays which Professor Liveing and 
myself measured In the spectre of the most volatile atmospheric gases. 
It will la 1 rememliered that one <>f the ear ties! suggestions as to the 
nature of solar prominences was that they were solar auroras. This 
supposition helped to explain the marvelous rapidity of their changes, 
and the apparent suspension of brilliant self-luminous clouds at cnor* 
mows heights above the sun’s surface. Now. the identification of the 
rays of their spectra with those of the most volatile gases, which also 
furnish many of the auroral rays, certainly supports that suggestion. 
A stronger support, however, seems to lie given t<> it bv the results 
obtained «t the total eclipse of May, 1901, by the American expedition 
to Sumatra, In the Astrophyaieal Journal for June last is a list of 
339 lines in the spectrum of the corona photographed by Humphreys, 
during totality, with a very large concave grating. Of these no fewer 
than 2ti!> do not differ from lines wc have measured in the most volatile 
gases of the atmosphere, or in krypton or xenon, by more than one 
unit of wave length on Armstrong’s scale, u quantity w ithin the limit 
of probable error. < )f the remainder, a good many agree to a like 
degree with argon lines, a very few with oxygon lines, and still fewer 
with nitrogen lines; the characteristic green auroral mv. which is not 
in the range of Humphreys’s Jihotogniphs, also agrees within a small 
fraction of a unit of wave length with one of the lays emitted by the 
iimst volatile itaiusplieriv gaa. Taking into account the Fraunhofer 
lines //. l\\ atnl ff, usually ascribed to culcituu, there remain only ilfi 
tines of the 33t» unaccounted for to the degree of probability indicated 
Of these considerably more than half are very weak Unes'which have 
not depicted themselves on more than nn v of the six dims exposed 
and extend but a vary short distance into the sun’s atmosphere. There 
are. however, seven which are stronger lines, and reach to a coinij. 
CmUe height ulaivo the sun’s rim, and till have depicted themselves on 
at least four of the six films. If there be no considerable error in 
the wave length* assigned (and such is not tftolv to is. tia> i-ase) these 
liui.s may perhaps be due to some volatile element which mav vet lie 
discovered in our atmosphere. However that may be-, the vctv great 
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number of close ifiinr-Id■5n.c>iw tot worn the auroral rays anti those 
which are emitted under electric excitement hy gases of our titmos- 
|jlu?n- nliiiii.st constrains us to believe, what b indeed most probable on 
Other grounds* that ilmamfs coronal atmosphere b composed of clio 
same substances as the earth'-, and that it is rendered luminous ill the 
frumt- w»V — namely, by electric diachargefi* This conclusion 1ms plainly 
an important b aring on (he explanation which should be given of the 
outburst of new stars and of tto extraoidiiutry and rapid changes in 
their spectra, Moreover, leaving on one side the question whether 
gases ever become luminous by the direct action of heat, apart from 
such transfers of energy as occur iti chemical change and electric db- 
tnrbancc.ttdemaiid.su revision of the theories whiidi attribute more 
jtcrumnent differences between the apertru of different stars to differ¬ 
ences of temperature* and n fuller eonsidmition of the question 
whether tlmv imu im! with better reason to explained by differences 
in the electrie conditions which prevail its the stellar atmosphere. 

If we turn to the question what is the oUisC of the idee trie discharges 
which arc generally believed to uenision auroras, but of which little 
mom has hitherto lwen know n than that they are connected with sun 
spot* and Polar eruptions recent studies, of electric discharges in high 
nictub, with w hich the names of Crookes. ltdntgvn T hemird, and J, J. 
Thomson will always to assaCAtttod, Inivo opened the way for Arrhe¬ 
nius to surges! jl definite and mtiotml answer. He points out that the 
fiequent disturbances w hich we know to occur in t he sun tunsl cause 
electric discharges in the snub atmosphere far exceeding any that 
occur in that of the earth. These will be attended with uu ionisation 
of the gases, and the negative ions will stream away through the outer 
atmosphere of the sun into the intoqdanetaiy space, becoming, as 
Wilson la is mJiowiu nuclei of aggregation of cun deniable Tripura and 
cosxnir dust. The liquid and solid particles thus formed will to of 
various sbes; the larger will gravitate buck to the sun, while those 
with diameters less than one and a half thousandthsof a millimeter, but 
nevertheless greater than a wave length of light, will, in accordance 
with Clerk- Maxwell'* electromagnet ie theory t to driven away from 
(hc sim bv the lheiilcnce of the solar rays upon them. with velocities 
which mav I pitwih 1 enormous, until they meet other celestial bodies, 
or inervase their dimension?- by picking up more cosmic dust or 
diminish them In evaporation' The earth will catch its slmfc of such 
particles or the side which is turned toward the sun. and its upper 
atmosphere will thereby tocome negatively electrified until I he 
potential of the charge readies such a point that n-discharge ucctirs, 
which will l>c repeated as more charged particles reach the earth. 
This thi'orv not only accounts for the auroral discharges* and the 
coincidence of their times of greatest frequency with those, of the 
maxima of sun spots, hut also for the minor maxima and minium, 
The venial and autumnal maxima occur when the Hue through the 
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earth nnd sun Inis its greatasi inclination to the solar equator, f*o that 
earth ts inure directly exposisl In the region of maximum of sun 
spots. while tin* twenty-six days pei-ind correspondis dosoly with the 
period «.f rotation of t.lint i«irt of the solar surface where fiwula 1 urn 
most abundant. ,1. J. Thomson has pointed out. as a consequence sif 
tin* UiduirtL-oii olrservations, (but negative - long will lie eon‘■Run fly 
streaming from the sun merely regarded as a hot body, but this U not 
inconsistent with tiie supposition that there will bean execs* of ibis 
Cliibidem In eruptions, mid from the regions of fueulie, Arrhenius's 
theory uecutmi * also, in u ;vay which seems the most satisfactory 
hitherto vnunettiled. for tin* appearances presented I it comets. The 
solid, purls of these objects a itsorb the sun's rays, and ns they approach 
tin* sun become heated on tin* side turned toward him until the volatile 
substances frozen in or upon them aim evaporated and dilfuscd in the 
gaseous state in surrounding spueu. where the; get cooled to the 
tern j h' rut hit* of liquefaction and aggregated in drops about the Nega¬ 
tive ions, The larger of these ilrnpa gravitate toward the sun and 
fonti elrituls tif the coma ill unit the head, while the smaller are driven 
by the incidental of the nun's light upon them away from the sun. and 
form (lie tail. The curvature uf the toil depends, ns Rredichin lias 
ah own. on the rate at which the particles are driven, which in turn 
depends on the size and specific gravity of the particles, nnd llicse wHI 
vary with the density of the vapor from which they an* formed nnd 
the frequency of the negative ions which eoU#H thrm. Iu any umo 
Arrhenius's theory is a most suggestive otic, not only with reference 

to aurnius and .nets, and the solar corona and ohrnmosplicre. hut 

also a> to the constitution of the photosphere itself. 
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Wt' may now summarize some of tin* results which Iravc already 
iiecn attained by low ■temperature studies. In the first place, Qui 
great majority of chemical iuteractlong are entirely suspended. but mi 
element of such exceptional powers uf combination as rtuorim* is still 
active nt the temperature of liquid air. Whether solid fluorine and 
liquid hydrogen would internet no one can at present say.- 1 Bodies 
naturally become denser, but even u highly expansive substance liko 
ice does not. apjM*ar to reach the density of water at the lowest tew, 
pern to re, This is.confirmatory of the view that the particles of tmt- 
h*r under such conditions arc not packed in the closest passible wav. 
'The force of cohesion is greatly increased at lo;v temperatures, i\*'h 
shown by the additional stress required to mptur.* metallic wires 
This fact ia of interest in conn ection with two conflicting theoriiwof 

by wtlior, April 16, 3 ^ In „ .^mrn motion to the p™^ 

Mmy by I raf««, F S1 ou*r !m d my«lf it is shown that violent reaihinnttotw 
take pla«, n dtat rhiwnml Mion™ in certain ,» M u*lui , 1U1T l}l e Ivr n of 
temperature* [See CumpUri Renting Murrji :tn r 11JCKS.] 
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matter. Lord Kelvin's view Ls that. the f<ras that hold together tin- 
particles of Undies urn hr accounted for willimit u^simi mg any other 
agency t him gravitation or any other hiw ilmn She NowtoUiniL An 
opposite view is I hill the phenomena of the aggregation of mnli-ciilrs 
depend upon fhi- molecular vibration as a physical cause. J leiice, at 
the zero of absolute temperature, this vibrating energy being in com¬ 
plete ulri’yimcft, the phenomena of cohesion should cease to exist, and 
matter generally Ik* reduced to au incoherent htnsp of cosmic dust. 
This sorond view- receives im support from experiment 

The photographic action of Sight Is diminished ut the tcm|n r rafcure 
of liquid air to about 2<* per cent nf its urdiuary efficiency* and at the 
still lower tempo mtu roof liquid hydrogen only about inporecmtof 
the original sensitivity remains. At the temperature of liquid air or 
liquid hydrogen a large range of organic budiuj and many inorganic 
ones acquire Limler ex|MiMire to violet light the property of phosphor- 
Ost-cme, Such I unties glow faintly su long as tiny art" kept cold* hut 
become exceedingly brilliant during the period when the tempcrattiw 
is rising. Even solid air L* a phosphorescent Ih«Iy + Ail tho alkaline 
eurtfi sulphides which phosphoresce brilliantly at till 1 ordinary temper- 
utitre low this pro]ierty when cooled, to be revived on h rating; but 
such Indies in the Hrst instance may hr stimulated through the iibsorp- 
thin of light at the lowest temperatures. Ibidfo-activc Inxlies, on the 
other hand, like indium. which ore naturally self-lmuiuou-s maintain 

Ihi^ I.Imisjty unimpaired ut the very lowest tem|H*ratiircs* and nre 

still tatpsiblo of inducing phiMipboivxcrncv in iMxliex like tlio plutino- 
cyanides. Stmio crystals hncume fora lime selMuininous when cooled 
in liquid adr or hydrogen, owing to the induced electric stimulation 
causing diisoiiargns between the crystal molecules. This phenomenon 
is very pronounced w ith nitrate of uranium and some plnlirio-i vunides. 

In vonjuuetion with Professor Fleming a hwi|! series of experiments 
wus I nude on the electric and magnetic properties of l«»clies ut low 
temperature. The subjects that have beets under iui-o.4igatii>ii may 
lie classified sis fo] lows: The Tliernio-Eh-ctrie Powers of Pmv Metals; 
the Magnetic Properties uf Irmi and Steel; Dielectric lunslunix; the 
Magnetic and Electric Con si ante of Liquid Oxygen; Mugneitic Sus¬ 
ceptibility, 

Thu inventLgations have shown that electric conductivity in pure 
metals varies almost inversely ns the absolute tciupemtnrc down to 
mlims i&*> . but that this low is greatly affected by the prose me uf the 
most minute amoiuit of impurity. Hence the rraullx amount ton 
proof that electric resistance in pure tin-tills it? closely dependent upon 
the molecular or atomic motion which gives rise to temperature, mid 
that the process by which the energy constituting what is called an 
electric current is dissipated c^entialiy depend* upon non homogeneity 
of structure mid -upon the absolute temperature of the material. It 
might lie inferred that at the zero of absolute temperature resistance 
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iv ij iili 1 vanish ultiigKlH-i 1 , and all pure mctnk Imqcuniq perfect con¬ 
ductors uf cWtririty* 'Oils conclusion,; howevi t, has been ivudeml 
wry doubtful liv aulimpieni observation^ made at still lower temper- 
atum* which appear to point to an ultimate finite Trairitanee. Tims 
the temperature git which tapper way assumed to have op resistance 
wjls minus , but that metal hi is been coded to minus *5# without 
getting rid of nil resij*tiUK¥, The reduction in res 1 st mice of some of 
the metals at the lioHing point of hydrogen is very remarkable. Tims 
copper has only 1 per cent, gold imd platinum 3 jar cent* uiid silver 
i per ixmt of the resistance they |XissosL*cd at zero ! ., but iron still 
retains l^S ijer cent of its initial tvsHtam-u. In the ease of alloys and 
ini] tun 1 metals cold brings ulioiit n much sum Her decrease in resis¬ 
tivity f and in the case of carbon nisei insulators like gut ta-j^lelirk gin*#, 
ebonite, ett\ ¥ their resistivity steadily mcroases, The cuqtiqous 
increase in resistance of bismuth when turnsversely magnetized and 
cooled was also discovered in the course of these experiment#. The 
study of dich-eLne ionstziiita at low teinpemtiires has resulted in the 
discovery of some interesting facts. A fundamental deduction from 
Maxwell** theory is that the square of the refractive index of a laxly 
should he the same mimher as Us dielectric constant. So far + However, 
from this living the i-nm generally, this execpt ions arc far more numer¬ 
ous than the eoinriduiiciis. It has been shown in the case of manv 
substances* such u> ire and glass, that an increase in the frequence of 
t lie id ter listing electromotive force results in a reduction of the dielec¬ 
tric constant to 11 value more consistent with MaxwellV law. By 
experiments upon many substance* it is shown that even u moderate 
increase of frequency bring* the large dielectric constant lo values 
quite near to tha! required by Maxwell’s Jaw, h wan thus shown that 
low temperature ha> thermic effect as high frequency in annulling the 
sib normal dielectric values. The exact measurement of the dielectric 
constant of liquid oxygen* as well as ita magnetic peniieability, com¬ 
bined with the coptica) determination of the raTmtivc index showed 
that liquid oxygen strictly obeys MuxwellV elect tti-optie law even at 
very lew electric fivqueudc*. !t< magnetic work the re*ult of grenta 
est value k the proof that magnetic susceptibility varies Inversely ns 
the iilwicduto temperature, This shows that the magnetization of pam- 
Iiiiignetic buditis is an affair of orientation of molecule*, him) it sug¬ 
gests that at the alwolute zero all the feebly pummagnetic bodies wilt 
\k* strongly magnetic. The diamagnetimiof bismuth was found to be 
Increased at low temperatures* The magnetic moment of n steel mng- 
net is temporarily increased by cooling in liquid nir t tail the ice reuse 
sihmiis to have reached n limit, because on further cooling to the 
temperature of liquid hydrogen hardly any further change was 
nb^erved. The study of the theniio-elcetric relation* of the metals 
at low temperatures re-dulled in a great extension of the well-known 
lait Thermo-Electric Diagram, Fail found that the thermo-electric 
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power of the metals 1*011 Id lie expressed by it linear ftmttimi of Hip 
absolute tcmjwmtim*, hut ut the extreme range of tomiwraturB now 
under consideration thin law was found not to hold generally; and, 
further, it appeared that many abrupt electric changes Take place, 
which originate 1 probably from specific iAokc-ular changes occurring 
in the metal, The tliermo^lectrir neutral points of certain metals, 
such sis lend mid gold, which are loaded ut or Iadov the boiling point 
of hydrogen, have bwn found to lie a convenient means of defining 
specific temperatures in this exceptional purt of the thorftio-niolric 
scale. 

The effect of eo!d upon the life of living organisms is it mill ter 
of great intrinsic interest, m well m of wide theoretical impor¬ 
tance, Expo runout indicate that moderately high tempo rut urcs 
me much more fatal* at least to the lower forma of life, than ure 
exceedingly low ones. Professor McKendrick froze, for ms hour 
at LI tens pens t ure of 1*2 C. simples of meat, milk, etc*, in sealed 
tubes. When these were opened after being kept at Mood heat for 
ii few days their contents were found to be quite putrid* More 
recently some more elaborate tests were carried out ui the Jeimer 
Institute of Preventive Medicine on n series of typical bacteria. 
These wort-: exposed to the temperature of liquid air for twenty 
boors, but their vitality was not affected* their functional activities 
remained unimpaired* and the cultures which they yielded were normal 
in every respect* The game result was obtained when liquid hydrogen 
was substituted for air. A simitar persistence of life in seeds hns 
boon demonstrated even at the lowest temperatures. They ware 
frozen for over a hundred hours in liquid air, at the instance of 
Messrs* Brown and Escombe, with no other result than to affect their 
protoplasm with a certain inertness, from which it recovered with 
warmth. Subsequently coiiinicmat samples of barley t pea* vcgetable- 
inarrowu and mustard seeds wore literal l_y steeped for sis hours in 
liquid hydrogen at the Royal Institution, yet when they were sown by 
Sir W* T. Thbelton Dyer at Row in the ordinary way the proportion 
in which germitsuHon tjceiirred was no less than in the other hutches of 
Hie same seed* which had suffered no abnormal treatment Bacteria 
are minute vegetable cells, die standard of measurement for which is the 

mikron/' Vet it has been found possible to completely triturate these 
microscopic cells when the operation is curried out ut the temperature 
of liquid air, the cells then being frozen into hard, breakable masses. 
The typhoid orgnnkiii hns hwm treated in this way and the cell plasma 
obtained for the purpose of studying its toxic and immuniritig prop* 
erties. It would hardly have been anticipated that liquid air should 
find such immediate application in biological research. A research Hy 
Professor Marfadyen," just concluded, bus shown that many varieties 


to by pmtlbur, April 16 , ItMKS. Till* Lsn pf.irt-n.nl pspor hay recently appeared m 
the Proceedings of the R« iyal Sodetj\ 
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of mhroorguiiism* con he exposed to the temperature of liquid adr for 
a period of six month* without any appreciable loss of vitality, although 
at wh ii temperature the ordinary chemical process of the cell 
must cease. At such u temperature the cell* urn not ho said to he 
either alive or dead in ihe ordinary acceptation of those words. Il is 
;i new and hitherto unohtainod condition of living unit ter— u third 
state* A final instance of the application of the above method* may he 
giron. Certain species of Imcteria during the course of their vital 
processes are capable of emitting light. If, however, the cells fie 
broken up at the teuijw-mtum of liquid air, and the crushed contents 
Drought to the ordinary temperature, the luminosity function is found 
\u Imvu disappeared. This points to the luminosity not being duo to 
the action of n ferment - a *'Lueifomse' T —-hut as being essentially 
ImuliuI up with the vital processes o f the cells mid de|jen<:tent for its 
production on the intact organisation of the cell. These attempts to 
study by frigorilie method* t be physiology of the eel I have already 
yielded valuable and encouFagiug result#, and it is to he hoped that 
this line of investigation will contimi« to be vigorously prosecuted at 
the den lie r Institute. 

And now, to conclude un address wlneli must have sorely taxed your 
patience, 1 may remind you that I commenced hy referring to the 
plaint of El italic than science that rolil was not a natural available 
product. In the course uf n long struggle with nature, man. by the 
application of intelligent and steady industry, has acquired a control 
over this agency which enable* him to produce if at will and with 
utmost any degree of intensity short of u Eimit defined hy the very 
nature of things. But the success in working what appear* hi first 
sight to bon quarry of research that would soon suffer exhaustion, 
has only brought liirn to the tbrcshliold of new labyrinth#, the entan¬ 
glement of which frustrate with a seemingly invulnerable cqtopteodty 
the hopes of further progress, In a legitimate sense all genuine scien- 
Lille workers fed that they are ‘ the inlicriteirsof unfulfilled renown/ 1 
The battlefield# of science are the tenters of a jH-rpcturd warfare, in 
which there is no hope of final victory, although partial conquest is 
ever triumphantly encouraging the continuance of the disciplined and 
strenuous attack On the seemingly impregnable fort reafl of nature. To 
serve in the soiontifio army* to have shown some initiative, and to he 
reworded by the consdouxuctw that in the eyes of his comrade* he 
beara the accredited amdade of succe#sfel endeavor, is enough to snb 
isfy the legitimate ambition of every earnest student of nature. The 
real warranty that the march of progress in the future will lie il* glr> 
rirni* a* in the paellas in the peri^tual reen force merit of tin* scientific 
ranks hy recruit# animated hy each a spirit and proud to obtain such 
a reward. 


EXPERIMENTAL PHONETIC S. 


Hy Prof, John G. McKusoitu k, K. U, S / 1 


The movement* of the organ* of voice uml speech are so complicated 
us to require for their elucidation the application of many methods of 
mioiireh. When one speak* there an s movements of the Ups* tongue, 
soft palate* uml larynx, and sometime* movement* of thy muscles of 
pxpre&riuu. Then, again, there are special character lotion about vowel 
sounds which apparently distinguish these from Hie sounds of musical 
instruments. Thus question* arise m to the I rue nature of vowel 
sounds and as to whmt is the physical constitution of a word of several 
syllables. It hoB also been suggested that language might he recorded, 
not by letters or syllables, but by signs or symbols which would indi¬ 
cate what had to be done by tho vocal and articulating organ* for the 
production of any given sound. Thera might thus U- jl physiological 
method of expressing speech by a scries of alplmljctloal symbols for 
sound* varying in pitch, intensity T and quality, It will In 1 seen that 
experimental phonetics constitute" a wide held of research, not only of 
great scientific interest, hut also one having practical aspects not at 
first apparent- From the nature of the investigation, alao, the prob¬ 
lem* seem to la- specially suited for the application of the graphic 
method of research. 

In 1875 an investigation was carried out by Hnvet and Rosapelly* 
in the laiKimtory of Professor Marey, ilk Paris, in which the pressure 

<* Reprinted hy permbKlfin at the author Mini the puhMnr from Natan-. Tandem, 
No. ItiTS, y&h OTi. Dec. I ML 

brfirn tl» station Phyalnlofty at the meeting »E the British A-wiitfon 
in GImb^Wp Seiaandicr 13. Hufej«iiiT 0 : Dtu Phonetipche LitenUur x*m JS7tt-lrtlft t 
j hv Hermann Breytottm { Leipug, 1807)! The Articulation nf Speech ricwwfa hy 
Analphabetic Symbols hy Otto tarpenwu (Mju-burj;, lflSO.i; L'lnBniption <h> 
Fh^nnm^ne^ Fhont'tique, hy >L J. Altirvy fRevile G£frfr*lv ik-? Snencee, 15 et 30 
lain, \$mv v Sindh* from the Yah' ftiychithiguad UUMina»ry T hy lv \V. & ripture 
ivm); ThtVmo dv hi Formation d,- Voyelli^ by Manii*- \ Paris jirix Burtiu-r, 
IflQO); ijt ISimlv il'ai'riv la Troo: du FhonogiaplM** hy It. Mark-hello > Turin, 14(07); 
On VoVtel SamiIs hy J. G. McKemlriek and A. A. Gmy: 8d titer's Text-Book of 
Physioli^ry, tnl* ii p. 1200, in which ihe reei-m bibliography fc? taven In UduIL 
r BoeapeLly: Jttseripti™ dea Mavvi&entH Phon^tiqiu-^ in Travaux de fjtiwminire 
de >1. Mmvv i Paris, 1S75;. 
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uf (In- ml r in :itr in hi-, [hi- movt-imuitH of [hr lips, itml the v’ihnitumw of 
tlit' Larynx wm- >mmLtuiinm>dY m-imirth S|M-ri:il contriviiiin^ were 
ibvi?4t>d fur tmuMiiirLm^ linn- movement* lo three uf Man-y's tuiti- 
bouns ilk tu nrunl oiv the rfurfncr of it Mmkchrr! drum 

three KUperpOHed run'iy which indicated the order of .-im-nHsbnu rhim- 
tton, itmtl intensity of the mo Yemen in of the organ*. The enik-bim of 



mr fmf " tllf> IUl ' tnl movorocuts of tlm noft palate, und tii ese 

"' ,,lv Kl IP“ ,rd b J’ 1111 indin-mtoior tub* introduced into n„, nostril, 
wlnlt- iIn- other cud w,* eoniieeted with it tumiiour, in fig. 1. A 
Mnnil fctpi'trnttingirttit* ii])jwrfltiiH was plnead over the lurvnx, mid bv 
Tirnknijr find breaking a current the vibration* of the Lrrnx were 
transmitted to another tainboar. Tin- movements of the Ii|i^ ware 


































hxp mm k n r* u i 1 bi tm r*. 


ili'i 

recorded foj 11 devt« which eautfed tho jmnwiiit's In act on u third tain* 
hi mr, hh Lh stiuwn iu the figure. 
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Yin, ^-TndHp of Lurrmcirtl* and IhIjI.i1 movement* in the jitiiUu&nUn^nh of tariuiw jihnii£L 

This method vta# found to give*lihuntoteristic innings fur the sounds 
of cousononfes but the records obtained from vowel rounds were all 
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the liif- 
rements 


very in uch alike* It was also observed Unit if one of the tambours did 
not act, say the om* recording the vibrations of the larynx, it wils diffi¬ 


cult to distinguish Llie tracing? of certain consonAntal 

rosetnblei 
movei 


*ures 
with 

then- h a vibration of 
thf larynx as well, white 
this h absent in the trac¬ 
ing of jp- In tig B 2 is 
shown it table in which 
h depicted the traces ob¬ 
tained on uttering the 
vowel a either liefore or 
sifter various consonants. 
In these t me tugs,, p n 
indicates iihsaI pressure, 
v / vibrations of 
ynx, ami u l m 
nf the mouth. Five ex¬ 
amples are given r>f enrn- 
hituitions of a with eori- 
ponants. If there is no 
eiiii*aion of stir from the 
nostril*, the line p n i# 

unbroken and horizontal T 
| but If there is emission t 
I then un elevation is seen 
with tt rtt , or 
inuousi line in 
hat the larynx 
t vinratei^ but if there is 
^ no laryngeal vibration 
£ the line h straight It 
will 1^ observed that in 
some ruses the tarynx 
vibrate* throughout all 
the experiment, an in A 
% while in others there 
is an interruption, as in 
. B 1* The movements of 

the h r > in M / show a curve width varies in amplitude and duration 
according iw the Wyw are more or less approximated and according to 
the duration of complete or partial oeclustoiL 
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These syliable sounds may lie termed phones. This research tm 
excellent example of the application of the graphic method to the 
movements of *£peech* Hie method has lrtu fc ii much devidii|iecl by 
Kousselot** in the CollAgf* dr France* where thorn now exist* a special 
laboratory for research in phonetics. 

Prbfeaaor Murey, whose cariier researches nre well known to have 
hud much to do with (he development of the kinemutogrupk employed, 
tin lon|# iigu ilh 1S8K, ehtunopholography to catch those evanescent 
changes of the countenance the -urn total of which giv<- expression 
to the- face in sjirach* in %+ ii Eire seen the chungeH of exprr^iou in 



Flu, HiMflfthHW i*f Pwrovny, A, rIu* iis«? raffyjuF Ehe [tfctttrra; ft, mitottwt JIm-, L 

^Lwlrfn l«n9L|p; 0. Si’eli. 

ii w<nmm's face in speaking during 11 period of half a second. If 
these HUHHs.sive pictures are projected by u lantern Uig. 4) there h 
au animated face mi the screen. In this way Marichelle succeeds in 
placing before the eves of deaf mutes images nf the movement of 
speech which they are urged to imitate* 

It is interesting, in the next place, to truce the efforts that have 
hocn made by physicists :iad physiologists to n^ord the pressure* 
produced hy sound waves, and more c*]>eeially those of the voice. 


-■ kmis^vliPi: Principe-de Phon£tiqi» Experim entidc i tWin, ii^ii i. 
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hi ISfts h^m Scon ijivpntifl tin* plimioiiilugrapb hhcu in % + ;> + In 
U> lirwt form this instruninii gave very imperfect tracing*, hut it 
Is of grval iiih n st us being the fmvimiiu'r of tW phonograph* If 
was much Unproved by Rudolph KOnig, of Paris* Bonders 1 in 



Fia, fii, —FhnSiaU 1 1 iiEfiL|i!i i>F U^iii BroU A,’ ptnibukiUl TC*MlJltor f clnwd at WH Itf ■ tHkdtHtW^ 

*Q frWrh ..I JrVlPf Ip> ftltwJuvi V, La a drum (Wmil with Pill-iked f*\^r nqi whkh tin- U-Yrt 

tnir** ft rum A> C r>into* i E imwi-9 innn righi lev lufL 

was the lirst to use the instrument in tin* investigation of vowel 
lone. Then came the logOHri-nph of Harlow * In IKTH. which wns a 
membrane furnished with a rigid, but light, lever, having it* fulcrum 
at the ndgfi <>f the membrane, while the power was applied from the 
canter of the membrane. This gave more nee untie tracing*—(hut is 



Flti. k—Thit feQuiifl r h, 


to say, tracings that indicated with more precision the variations of 
pressure on the membrane. Examples are given in Jigs, if, 7 . un( J & 
In tig. *i, ut a, the HietnhruTie U ill rest; at H the lever is raised bv 
the sudden emission of the consonant L and this is succeeded bv the 
prolonged vibration of the vowel e. Fig. 7 gives a different picture 

* iwlHfb: /Mr KI# W*dir Vucafe {Ann. <ler rtivsik tuul Chunk, l8fW) 

* Barlow: fin Hid Articulation of the I Ionian Voice, us IHuslnitisI hvtbo l>sm- 
gf*|lb (Trank Ray* Soi\ 1878 ). 
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tur c b; v hi the vowel 11 the closure of the lijis at the Itegiiming 
of the consonant* this closure lasts during r, smd u m duo h- the dn-s- 
tleitv of the idr compressed in the mouth, hi fig. $* h r b m we find the 
elements ■ Kf figs. 0 nnd 7. By the logo- 
graph the consonantal sounds were alone 
dupctidt the records of she vmvota being 
very imperfect. 

There was still tx demand for a recorder 
of frostier accu racy * Schneebell Q in 1ST8 
devisc^l mi instrument seen in Jig. 5h 
From the center of a parchment mem 
brarie 3 irises? n thin* but rigid, steel plate: 
attached to this* near the point, U another 
sled pink" (HLsaiag horizontally from the 
edge of the metallic ring carrying the 
mem brand. Tin' movement*. of the mem- 
brunt- are live times increased in ampli¬ 
tude, while the extreme lightness of the 
lever reduces to a minimum the effects 
due to inerthi. Examples of curves obtained by this method are shown 


Khj, 3.—ArraEgi'mcnt ol grbtwrcMS 
^adiaviiMiyraisaiiaf & iLMTui*ni*i\ 





in Jig. Uh 

A very sensitive apparatus, termed the SpmchsceiiThner, has also 

been in trial need by Hero 
sen* for recording the deli¬ 
cate vibrations of a mem¬ 
brane. It will be readily 
understood by referring to 
tigs. Ll a 12, and l:h Vnlu- 
able observations have been 
made with the aid of rhis 
instrument by Wendeler 11 
on eonsuiituiL sounds, by 
Martens rJ on vowels and 
diphthongs, and by Pip¬ 
ping^ on vow ids. 

Such nil* tfome of I he in e 
eh an i cal ec n it ri va i un* t hat 
luive been devised for recording the movements of n membrane. None 
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ili-a Sciences NatureUe* it- NVnchfltcl + 25 Avril et 20 NtWeitibrC* 1878. 
frilenn m [Te-hurdur SdiliH von Scfriiflt^VEUiigGn | Zeite. fur Bk>logie r 1^87 
ifWtrhk'lcr: Kin Verench Slbflf dtjfichaUbewc^tm^n pini^-r Kuwmtinlen /A-ii*. 
ftir IhsK). 

Marten*;: C'efcttT dm Vurhalten von Vijcalun oml hipliteupn in Jfr^pr M-lietipii 
\Vt irli-ii 1 Xeitn. fQ.r Btoli 18S5 1 1 ■ 

* Popping: ZtorKlfljsgfnrbftdrr i-tesutigun Vocale (Keitr. $ur Hinliigiiv IS00); fflbcr 
diu Tticorie iter YucaJe (Artn Soctetati* Sd^iUiinthi Hdsiligfora, \ StH;► 
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Ltr«- fivi- front nrmr, howt^or ikUmti* tlmy \m\ sinmi Jo to 1 , mving 
t>) 1111■ iiirilin iif tlir pnrK and r^msi-qiLi ntly ■othir limmgeim-utH 
Wfrt b lit iitLimi+ il. hi lsiffi ,J Hutlcilph Kfinig iutrodiii--i'>I 1ii.n wt‘il-kiiowii 
mi’tliud uf sLowing tin- of iiiembmiit^ hy ninnuineirii- 

litmus. Tin' upjmmtuM i* now su well known ns tu mjuire no cMutlecl 




V hj , i 1. - ApiunUiiH * f II- 1 ctMii ■ i 1 w. * hi,.-!, Fir,, n -The moriln« t h irttuto »r tin- Spin*hiti-I■■ hmt 

|trL«m; *■ y r ■'lurtrd pfbuw fct»pi In Ltn j_.i JgcitM-u. / Z| hnrltvs a fntm, r . b, tn^xt^n 

IfcLni -'by u iTnW riiLHLp, ■■; ri. f.. nip. JVillt|- tj b snuifcM gift*?. 


description, (in* is led by u tulie into a .small capsule of wood, the 
cavity of which is divided by n tiiin membrane (fig, 14. a). The 
£•“* P-lss(w into I tie right hill f of the cavity mul cscape-s into h -mull 
burner, where it. is lit- If sound wave* lire diverted by 11 small Con- 

its*I re,-oTiiitor into the left half of 
tin 1 capsule, the membranous {mrli- 
linn vibmtes, there lire nltemutions 
of compression and of rarefaction 
in the ^is on the right side, unci the 
llinne is agitated, moving upward 
111 id down-yard with each vibration. 
The methotl of Wheatstone of dis* 
Hiieiutijig the Hallies by 11 rotating 
mirror is then employed, and a sinu¬ 
ous ribbon is seen in lln> mirror. 
The ribbon is cut vertically into 
teeth, eon iq larger, some smaller. 
The larger, less fmjufint, mrre- 
spoml to the fundamental tone of 
the sound, tin- smaller to the harmonica that enter into the compo¬ 
sition of the compound t<. on which the . |U alitv of the vowel 

dcpgvKk* 

Tl.es, flame pbturoa lire only seen for an instant, and many efforts 

m ‘ L lH,,in m!|t "‘ ,,t llx 1||, ' M| h pi.'graphie This wu,* lirst 

" Kuniir. -Mujftwt K*pwi... 



Fl-v IJ.— Writing iPUfthrili i.i| l(vii*#;ii’4n|i[HiniEi|y. 
ai, > 1 , '-i '-IgJjJ- *-ii|k| N.irti |j|^ fill nxh ci r 
InmrVvwn, pllfc A |>tdnf r; rj, a A Lir jw wnfq iiflfr. 

lo the fflirkcf p tlMt fntivL'uiiiiib of i hr 
liii-ln titulu'-; (/. -jqljkH pUtr. 
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attempted by fiiorhiirflt■' in 1*17- He used flu- ihmie of ryuhugt'ii. 
:iinI the sortie wlm I |mu»i‘ reeull is shown in iig, bb 

Lfoumer* nblui.I :i brilliant Borne by hum mg nirbu retted liyrh.igeu 

inoxgen, nnti he also introttmxsUiilO such tvsdOTrhrs a chroiinphoUj- 
graphir lurthod by reproducing the images nf ji Ilium* Jicle-1 mi by n 
tuning fork of known pitch. Murage,' to whose n-,i*nn-|ji- we shall 
afterwards refer, feeds. the raps lilt? with ftctylene, and thus obtains n 
luminous Hume. The result of sueb an arrangement is shown in tig. I 7. 

It willin' oliserved Ouit all maimmotric Haines seen in a rotating 
minor nre inclined, us their <*<iimposition is hue to a horizonlul ami 
vertical translation, ami the faster the mirror is mtated the more tliey 
an* inclined. 



Fin, ll.-Kuntfs npptiiiitrtSi A M. Ttitalin? niliWf, 

Effurte buvv »lw teen tntid*' to analysts MUind* by phatqgntpbing a 
mv of light reflected from ei vibrating mirror. Long ago, hut with¬ 
out photography, Czermuk applied tills method to i\\q phenomenon of 
(hi* puW, ami in IHTsi Blake 1 * devised n mirror for thus recording 
Hi* u*i b d a filial! metallic plate 1 * in tin 1 writer of which wuss n 
small hook which i* nttachf'd to a very light mirror didnatoly swung 
on two pivots, 1% c T iig. 18. A my of light h thrown on tin* mirror 
liv ei convex lens; after reflection it again traverse a leu« and fulls on 
n photographic plate in movement, Sharp, well-dMiiiurf images lire 
Unis obtained High lit)* 

*Hfetu; Dio IJrbt Ini diciirtc wiflatauchafUirli^r Kurdchut^ il jeipii^ IS77 i. 

f* Doiimun l\ R, clu r Aiudrmia dcs Bdences, 

c Mnfwffi- fctLwIe de* Comet Amuatkju** h PhotflftTT&phie de** Flavmnra Mann- 
mrtzlifncfi de (183*7). 

■rBEukv. AphoHi'u-ci JnLimjil id ftdenre nrul Vrt F \$*H; Journals Phy*hjiit% 1&79, 
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TV :iinp!itiiur\* of the tracings thus obtained from tb* Lopen of tho 
voice wprp ^r> millimeter* U inrh), while thereof tin* mirror were only 
0*126 millimeter (one two-hundredth inch). 



*'"■ U-*X**tV'* « pUM OtrtmJntHl bjr Ktal*'* ijxtm * TliunnMi’trii- rapeutf n>t[i|.rnl 

m 1W " nnit4n ^ Th '' to tin; Sun Imlkaiu Ult rutJu ui th* viWL...*. „r in- lw «, ,.* 

IrKfUlLlOf L 13 L■ 11111 3 1H1 1 firtffic. 



RigoDot and Ohaviinon," in 18 S 3 , constructed n mirmr amnintii* 
shown m Iig. *0, nnd in W, „^d a somewhat similar 

arrange.*> tracings of which an- given in i>l. 


" Jniiruol de i’hyniiiii-, I«h3, 


t’Hrrmum; Ajp^ii Atchlv., JB 80 , 
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An itli'iil method for recording vibrations was devised by Hops in 
!«*;%ideal iiuiHKUi'lt a« it does not use any vibrating mend mini* or lever 
»r anything having inert in. A ding nun in given in tig. 92 

It is bused on thu principle of photo- 5 
graph mg the effects nf interferences of i. 
light wlives, finvs from a luminous 1 

■at ■ *£f 

s,i>mw A |iaari through the knsea q *j w f 
as to }>ce<ime parallel* They then pa&s | 
through a hJ it */ and a hole in n dm* 5 
phnigin !k and they sire focused by it * 
lens / (of 15 centimeter* focal length) so | 
m to full on si gin** plate S r The my ^ 

divider into two, ^ and ^ 4 , and they run £ 

parallel* the ray pacing through the | 

;ur while ni t ptuac* along si lube $f (15 * 

oeistiftioters in length), lift 1 ends of which ^ 
are clewed by the glass plates A end /i,* s 
A ft-w ceuti[lifters fi>>m tho tube there 
ih si resonator* *\ into* which the vowels T §■ 
afi 1 sung, thuw causing condensations nnd 11 
rarefactions of the air. disturbing the | ^ 
my A A L while the ruy pacing through || 
the tube g is unaffected. The two rays - | 

are uguil. itod by they (hell Jews* j c_ 

through sin objective #■ and 11 lens r to n 1 | 
sill in ll screen so 11a U* full oil sensitive 
paper on the drum T* A diaphragm A 
cut* oit sepnndnry reflections. Thus | 
beautiful imaged are formed ramspond- | 
iisg to the vowel* spoken or chanted into * 
the resonator* H 

The invention of the tin-foil phono- | 
graph by Edison in i s 77 and the improve- 
merit nf the instrument by she labors of & 

Edison* Graham Bell* and others in more | 

recent yearn tins made ei possible to in- ^ 
vestignte phonetic phenomenal with the % 
aid of this instrument hi IS 7 H Fleem- | 
ing Jenklft and Ewing 1 devised a method % 
of recording curves from the imprints 
cm the tin foil covering the drum of the phonograph, and these curve* 
were submitted to harmonic nun!y sis. This wan also attempted by 

ai JcJitJn ozh! KwkuE. Un tin? 11 urn 1 unit" A rmlyHir q| wtain.Vi>wel &Pimd£ 

ITmiir, Urn , Sim-. EJtn. r voL aciviii, \h 745)* 
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FHi, IK-Ukke'ji lEiirrcir 


A. M. Mayer" in t In- same year. The subject was taken up tiy 
Hrmumtiiiknit bHW K and ho obtained valuable tnti-ing* by usiiigr the 
wsfrcjlinder phonograph. He succeeded in obtain¬ 
ing photographs of the curves on the wax cylin¬ 
der* a beam of I iff ht reflected from n stunII mirror 
u Hindu‘d to the ribnititijr disk uf the phonograph 
being allowed to fall on a sensitive plate while- t lie 
phonograph wu-h slowly traveling In IfkU Boeke c 
miiiHured with great accuracy die diinen.iions of l ho 
murJvSfm the unx cylinder* ami from these constructed I he correspond¬ 
ing curves. Thin method 
Inis ill so been adopted 
by MarieheSle.' 1 McKen- 
drick" in ]snf> photo¬ 
graphed the murks on 
I hr wax vy ]\rider of the 
phonograph* and in |Ksm! 
lie dev iscd a rerun ler for 
enlarging the curves on **** m-Fhaic*rapWe incingi blj±£-> 

the well-known principle nf the syphon recorder. In 18W* Scripture/ 

of \ ule > irrvi^tigeted rowel sounds 
with the aid of the gnmmpluine. ] j f * 
traniftcribed* hy tin ingenious tncrhan- 
ieal dev ire f ffar marks on the gramo¬ 
phone disk into the forms of curves 
ami made a mi mite analysis. J+ustly, 
Marsge^ hi a series of masterly 
papers* rduvestigated the whole sub¬ 
ject of vowel tones with dir aid of 
a dirono-phnti^mphie method and a 
special form of syren invented by 
himself, 

I he varhutg experimental method* 
wi“ have described have been ehielly 
I he nature of vowel sounds What 


__ 

- V V _ y r -. ■. , 

.... 

a aW # 





Vf i 

,r * \A v-t "" 

V 1 ■ , v 

rUUlitiM.. 

“-a., #. 

Jt J 

T V' 



F|f>, ‘JJ,—I'rtluhijtlU: rji|MSUi' uf UE^nlhiC mil 
C'Kittvim^i | wmkmiH. iH-OjUninp tf>vilpm- 

Unn«i PL t . nHlLH]tn|L pu'iHtinihf-.; H. waJs 

n*r i-iriiwl hj & #In* n r , M wU\ hi>tS ta^E * 4 vfl 
«UWl* a him! pi. *pni nyuJttrci tjj- ihn 
•4'tvw lit fK pieuDI culpt* s>f 1 11 r11,i rikMifr 
n-»tihK *S1 tS’nltT irf 111 r'UilarnHt-; T, HUPP. 

directed to an examimilion of 


ri; M*yer: Jrjiqrcud dv Phyriiiuc. ts?s L 

h ^ htH hibhi^mphidJ reference ki limn nun's pupcrc hs given in Srbaft?i-*a Text- 

BfH.k of Pliytikdogr, vol. U t p. l&EL 

Mlferotcofftaha J1iijni^rruTrms*ftiJ<lii-ii 4 An biv. f r d, ^ pi lVflil ,i ■> lTm 
ftl. i< »■ »Wl *l*> 1W Boy. Hoc Ediiu, Um}. ’ ' 

>< Mukfaullt>: Iji Pomlo leTnu^ ilu Pltonogtnphft (is97). 

' >k'Ktimln>l: Truim Boy, Hoc, fJdin., yol. i.yxvili, lit, (v; J»nsi' Tin,- u, M . 

tiUc, ISWV 47 : al^Ho 11 ^ 1 ffw.BjwW by sli,Pkon^h (Lon-lo,,. wV).' 

■ N nptnw: MH.Ih- lnn a ( b« Vafe P^^ologin,) J^l.^iurv , is. 

Phonogn*,^ L» K* ere I» A^ustkiu*. rh<* 

^ ' ' J '! ,,tM . . l,h rl ^ >' l' i 'liiiw l'AilfJifiim: atnl Ti. 

FcinuatErjO rk- \ nyHk^ ifami 1^7 onwttn! l 
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it, it that gives tha peculiar qualitv to the somidof a vowel J How is 
it 1 1 nit wc etu*, by lie- ear, identify the sound of any vowed* whether it 
}*. spoken or stitigf How h it that if we sing a vow v! on the notes of 
a scale wc run still identify the vowel whatever may !«■ the pitch of Lku 
note on which it is sung- The scientific 
investigation of the nature ts-f vowels !«■* 
gilts with Willis." who, in 1839, imitated 
the larynx by means of a feed, above 
which he placed a resomitor, tuned to one 
of the hwmonics of the reed. I le also 
imi tated vowel tones by holding a a elastic 
Spring against llie edge of ti toothed wiled, 
and In 1 placed the vowels in the following 
order — oil, <>. n t ■ . and *, In each itu-e a 
compound lone was produced which re- 
tailird the name pitch so long as the wheel 
revolved at the same rate. By keeping 
the wheel revolving at a miiform rate, and 
at the sime time chuuging the length of 
the spring which was allowed to vibrate, 

Willis found that the qualities of various vowels wen 
considerable distiiiftncss. In 183T ^ hontattuie." in « 


■ A f * *\■_* tn- 

FSi i - I?L—'Trfci^Isiirf obUdui^ by Bur- 
trtunn uf vowtt *x 


38N 4 


imitated with 
itlVtflU of 

Willis, made monies important *ug- 
gertion*, In 1854 Grassnmnn 0 mt- 
nounred n theory its follows: l lie 
vocal chord* excite thu ri^tHiunce* 
of tin 1 fiivUy of the mouth: the 
tonality change* with the degree of 
opening of the month by 11 k? dnvc]- 
opimuit of some of the linximmic* 
of tlw fundamental tone emitted by 
the lary ti \. According to this view 
the hurra I cavity adds by its tfso- 
imm^ certain hnnwomos to the fnnAunenod laryngeal smmd. timss- 
nmnn chuMicd the voweba According to the lunulier of hnnnnriics 
which they contained in the fid lowing table: 

ti _ rMii 



Tln.^ ft'P Oh; »timO ! riLl ill 

WHPl»MiSE1***- 


r U _ 


„ Willis: CanihridRe, HiH. Tmiir., 1830. vul iii. |<- Sil; also Ann. d. Phy* n. 
chcin., LtiJptW, Kd, Sldv, t 1 - 

&Wlical^ini% Vt'tfrtniSiLNirr t^ vtew. < Ve^Kt, 1837. 

fllwr die pliymh. Satiir des B|inttb-leote,. I£77; W fcud, hntvtvrr, in 
1854, . [ium ]lik'd hi* theory in Uelwreteht dtr Akurtlfc u. der medrEii nplik. 






















254 


ttXPSBiraHTA L I 'HONETICS. 


lti Hounding it the mouth is widely opened amt tbt: fundamental and 
eijfht harmonics are produced; in the third series, cm the cuntmry, 
then- is Only one harmonic sounded, which is more mid more acute ii* 
we pronoun** the vowels in the order «w, k, and t. The vowels of the 
second series, <j, cm, and <■, nna transitional between the itrxl nod the 
tliinL Thus we puss from a to ott by o, from -/to u by and from 
<l to i by f. 


I hinder* " showed that the cavity of the mouth, as arranged for the 
giving forth of a vowel, was tuned ana resonator for a time of u <«er- 
diia pilch, and that different pitches corresponded to the forms of the 
cavity for the different vowels. This he discovered by the peculiar 
mdse produced in the mouth when the different vowels are whispered. 
J hr cavity of the mouth Is then blown like an organ pipe and by ite 
resonance re in forces the corresponding jmrtials in the rushing wind- 
Tike noise, Then the question was taken up by Hctmholfe. * tie 
attacked it l»>Lh by analysis and by synthesis. He analyzed the vowel 
tom-s by his well-known resonators, aided by his own singularly acute 
ear. and hr attempted Lo combine, by means of tuning forks, the tone* 
winch he thought existed in a vowel, so as to reproduce the sound of 
the vowel. In the latter part of the investigation hn was by no mean* 
successful. These investigations led Helmholtz to put forward in 
succession two theories as to the formation of vowels. The first was 
that, as in all musical instruments. the quality or timbre of the vowel 
depends on the fundamental tone, reinforced bv certain partial, 
overtones, of which n number are produced bv the vocal vanU nlon? 
Willi the fundamental tone, the reinforcement depending the rest" 

n l ,tfH t ‘ ut ..*vlrt.is above the vocal cords. This theory was upset bv 

the tLse of the phonograph If a vowel is sung to the .mg,*! 

while tin* eyUnder is traveling ut a certain speed, the vowel tone will 
tie reproduced with exactly the .same quality if the cylinder is driven 
at the same speed: but if it » driven faster, .hen the qmdilv of the 
vowv will Is. changed, so much so as to be scarcely recognizable 
M Marcy «amtos that I tenders and he tirst made this ol^irnfion 
when it so happened that the two savant, were present in Pari* n , .. 
public demonstration of the phonograph soon after it* invention 
1 tenders sang thj vnwel tones to the instrument, and then asked the 
operator to vary the spued of the cylinder during reproduction, Then 
t\» vowel a brwme o and , httum Thus while the pWogiuph 
reproduce* in a wonderful way the tones of musical instrument* with¬ 
out change of -P-al.ty. it can not truusposc vowel tones without nlter- 
ing their dmraeUr. Tina special chamcteror quali ty m no,. thZ, 

n D& vfivsitflo^e r 1870 >. 

*TFebnlwHz: UrW 4$ Yofeik*. Afeehfr f j ir^ii i . 

!S, lsW)i **tv-S££ '1 *VJHm 
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depend mi the overtones reinforced by the oral cavities heing simple 
multiplea of thr fundamental tone* uud IIc-i mh-oltac^ lirsl theory hud 
to lae abandoned* 

This led Helmholtz to advance a second theory, us follows: Each 
vowel is characterized by a certain I mm ion re or tone, of wn* 

stunt pitch, whatever may be the pitch of the note on which the vowel 
b auog or spoken* Attempts were then made, notably by I li- intro)be 
ami Konig* tu fix tlie pil ch of the chunieteristic partial tone or vocable, 
ami there appeared In Iffl considerable differences in the results of I be 
two distinguished observers, differences amounting t-> as much, in 
some cases, us three semitones. 

The next step was, as has already been explained, to transcribe the 
marks on the wax cylinder of the phonograph* made on singing or 
speaking a vowel/ into sinuous curve® and to subject thereto harmonic 
analysis* It is not difficult, in comparatively sin]pie causes, to obtain 
a curve which is the algebraic mm of the ordinate® of several sinus- 
soitlul cuncs, hut it is nol so r*>y to do the reverse operation, namely, 
to analyze the curves. Fleeming dentin, and Ewing, afterwards 
Svhneeltfdh llertscm Pipping* and Hermann* have done I his in accord¬ 
ance with the theorem of Fourier and the law of Ohm* In partic-niar, 
Hermann* by a lieimtlful and ingenious method* has analyzed the 
curves obtained by hi® photographic device, and has modified the 
theory of HdinboHz, I lls statement is that the oral cavity produce® 
indc]Hmdcnliy it harmouii-or partial tune which ha# no dotinito relation 
to the fundamental tone emitted by the larynx, A vowel, according¬ 
ly him* i> a r-ijicml acoustic phenomenon, dej wilding on the intermittent 
productimi of n special partial) or “ formant,” nr ^chanieieiistnpic,” 
The pilch of the "formant" may vary a little without altering the 
character of the vowel For n. for example, the "fortuaiit* may vary 
from fa. to even in tin* same jwrsom He has also attempted* but 
not with complete success, to reproduce the vowel tones by synthesis. 

There are thus three theories: (I) The first uf Helmholtz, now aban¬ 
doned, that the pitch of the partial* is represented by simple multiples 
of the vibration periods of the fundamental; (2) the second of 11 el in- 
holtz* that the pitch of the ctrar&fteristic partial is always fixed, hut 
has a definite relation to the pitch of the fundamental; and (-S) that of 
Hermann, that the pitch of the characteristic pirlial or "‘formant’' b 
not absolutely fixed, 

The difficulty of harmonizing these theories has stimulated the zeal 
nf inaiiv worked* and in parth-iilar Dr, Murage" has Ijcoii remarkably 
sueeessf nl in hi® researches into the nature of Vowels* Jin first of all 
criticizes the second theory of Helmholtz, [mintingout that the failure 
to reproduce the vowels by sy nthesis is strongly against it* Thus while* 


TtakiHc de la Fomutkii dee Vbyulles, on. rit. 
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by tuning forks, the pitch of which isihttt of the partial* of the funda¬ 
mental lone. *u, *#, situ I r* limy I wily reproduced, it has hmi found 
iinpo^iblt^ to rt fc ]>rodut^ e umt t, lie then tdqects to the theory of 
Hennnnm namely* that the vowel is an end interim! tent and oscilLating 
Lome; first. that the method of recordi ng the vowel on the wax cylinder 
of tile phonograph eall&es ^fun i errors, the mouthpiece,, |iilw*. 

i l i r chamber* add vibrating disk nil profoundly iimdify the vowel; 
-croud* t litil the method of analysis by Fourier's i lieoivm assumes 
ihnt the vowel curves are constituted hy superposed simple curvft* T 
which is precisely the ijiiestion at issue* and therefore the urgimmnl is 
a juititio principfi; and third, that tile data obtained hy lu^ method 
have not (ambled Hermann to reeonstruet the vowels with greater 
6 lie cess than Helmholtz. Ma rage then enters upon his own method* 
which consist* essentially of using u s] jovial apparatus eons tract ed on. 
Kum«/- principle of manomet rle tlames. Iji ir so simple as to In- pracli- 
vally free from sources uf error; that is to say * there i> no mouthpiece. 
tula 1 * or lever. The pie lures of the flames were prod need photo- 
g eii phi rally hy feeding the flame with acetylene gas, and i- hmni? photo- 
metrical records wetv taken with each experiment. He then finds that 
the flame pictures of i. r. and ov show one flame, k, ex;. and o I wo flames* 
iuhI a three flames, So that the classification of ilie vowels by flames is 
exiLeily thai off inis^mann. FUieli vowel. when all errors have thus hern 
got rid of by simplifying the apparatus, always gives the same picture 
for any given note. The picture is that of n ronliuuoiis periodic curve* 
and the numlnT of period* in a non aid correspond* to the laryngeal 
note* while the form of the period characterizes I ho vowel. With (bo 

same vowel the period changes w ith ... When the note is m ar 

the pi fell of ordinary speech the period varies very Hula, This is 
not so when .the vowel is sung; the jwriod I hen disappear- until there 
is only the laryngeal note. Murage has also hy synthesis reproduced 
the vowels with remarkable success His first experiments with 
resonator.- were not quite satisfaetory; he could reproduce ou, n, nnd 
a, but not k and i. He ascertained, however, that to reproduce a the 
resonator niusl Is- tuned to the third harmonic or partial of the note 
on which a was sung; that lo reproduce e. kl \ :md n the t*pst result 
was obtained when the resonator gave the second pailiaU and i. r. 
anil ov wen 1 imitated (Imt not success fully) when the resonator was in 
uni.-on with die laryngeal tune. 

Mamge finally devised a syren named by mi elect He motor and 
consisting of a disk having in Ii a triangular w indow represe nting the 
glnltn. The air is driven underpressure through this aperture and 
then falls on another disk having windows rut out of it tri groups 
according to the nature of the vowel to I» synthetically reproduced 
Tims t\w disk for a has fotu groups each group . unsU tug of tbme 
triangular slit-like windows; for o and e the disk shows tive groups. 
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GAch constating of two slits: :inr1 for i and or there lire many s]iU_ 
without these being arranged in groups* The nlks are very large for 
o and narrow for e* and large for ou and narrow for t, He (hen 
molded a series of rusts of the interior of the oral and pharyngeal 
cavities of si human subject, a* then* were adapted for the ringing of 
the different vowels* and from them roust rue ted rnu>k^ or hi w [piece* 
which could In- placed over the M reti so that tin- air escaping front It. 
pissed through the cavities of the musk* He found that if airway 
driven through the masks under a pressure of only 7 centimeters of 
water the timbre of the corresponding' vowel was at oneo perceived, 
as iia whispering. Murage”* view' is that to form a vowel the true 
vend eords vibrate eii a horizon tad plane, in -uch is way u- to mllm-mr 
h\ their greater or less degree of approx in ntum the escape of air. 

If the air escapes in three little puffs as is were (the eon I- vi foisting 
daring each pntT a minilu r of times equal To the pitch of the note on 
which the vowel ta spoken or sling), so that there are intervals between 
the groups of pulls, then the vowel a is the result. The oris I resonate!" 
is in ntiUon with the sum of the vibrations ansi the vowel is emitted. 
If the rest mu ter (either artificial or the oral cavity, as in life) is turned 
In the third harmonic of this note* then the vowel a i> modified; the 

sin.ipplics lip r and o, which have the second harmonic, nnd in 

]hissing from the one Vowel to the other it is sufficient to elmiige the 
:i|jeraturc of the glottic opening. Thus for a. if the fitndmilcntid note 
Is n t the oral resonator must lie tuned to 2 vh; for k and o, if the fundio 
mental is e ! . the oral resonatorgives2w J : and for land or the n-sonater 
is in unison. I i this is not so, then the quality of the vowel is much 
altered. Thu* if the syren gives a* and the plate used ta [hit! for or, 
then the jpund is a modified- Tlita agrees with the experience ol 
Imidiers of singing* who hold that :l badly snug vowel is a vowel 
sound emitted into a cavity adjusted fur another vuwuL Murage !mi^ 
also found that when the sound* of his syren, aided by the Minsk-, are 
examined by the immometrin method, the flame pictures appear ti s 
they may hr expelled to do—that is. groups of three litmu s for a. of 
two for E. KIT. and n, and of one for i, i\ and ou. Vowels then, 
according to him, are due to an intermittent iterodarvngeat vibration, 
strengthened by the oral cavity and producing ou* o, a, e* nnd r, 
when it Is in unison with the sum of the vibrations; transformed by 
it. and giving origin to other vowels when there is im unison,; and 
the mini her of intermit gives the fundamental note on which she 

vowel ta emitted. If the oral cavity nets alone, the vowel is whispered: 
if rhe larynx acteftlnne, the vowel is sung: and if the twnuel, the vowel 
is jqioken. Murage Iirh applied his method with much success in test¬ 
ing ihe ear and in the treatment of.. who mv not absolutely deaf. 

His memoir is characterized by great dmpliciH and aE the same time 
by thuroiighiavs. 

ifas-17 
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But the study uf vowels is not thu only result of recent research in 
phonetics. The analysis of consonantal sounds is now being curried out 
by various workers, such a* Pipping, Script lire, and Lloyd, Meyer, 
in Hermann 1 * lal ^oratory, lias investigated the pitch of words, *en- 
teiuts, awl syllables in speech. This has also been studied by phono¬ 
graph i e t no 'i ngs by M ar icliv I lt». The whole subject has also a practical 
hearing, as the knowledge acquired enables the teacher of deaf mutes 
so to instruct his pupits in the use of tbeir organs ns to avoid the 
dreary monotone of those who learn to -ja-ak hv watching oulv the 
movements of the lips. 

It only remain* to notice the remarkable monograph of Jespersen. 
This L an attempt' to aid the study of phonetics by the use of a s t ir M . 
tide nomenclature to express sounds, so that just as the chemist 
represents hy letters and figures the nature of a ehemical substance 
of complex constitution so the student uf phonetics may be aide to 
express the sounds of words by symltols. The visible-speech system 
of Melville-Bell consisted of symbols which expressed more or less 
accurately the physio logical movements to Is- made, or the por¬ 
tion to he assumed during the pronunciation of a given sound; hut 
Llm symbols of Jesporsen are letters and figures. The letters or 
figures, however, to la* useful must have a physiological tileaning. 
Strictly speaking, the symbol* denote, riot sounds, lint the elements of 
sounds. Thus so simple a sound as m is physiologically the result of 
(") bps shut; {b) |Kil lit of tongue resting, in the IjoLLoiu of the mouth; 
(e) surface of tongue not raised toward the (white; Uh ruisal jatssugo 
ojifii; («:) vocal cords vibrate, and {f) air expelled from lungs. The 
attempt of Jespcrsen may Ik* railed an nlphultctic system of writing. 
symlKilizing, not sou mis. but the element* of sounds. At present It 
is «■ VO rely technical, but it smim to "provide a means of writing 
down and describing phonetic minutin' in a comparatively cany and 
unambiguous manner." It will do for the phonetician what *y In lad- 
ism does for the mineralogist. It is a kind of algebra for *[N;t>cb 
sounds. 

In advocating the establishment of a photographic museum, to Ik* a 
visual register of tin* past, Janssen recently wrote as follows: ** pho¬ 
tography registers the cl min of phenomena during time, just a* 
writing registers the thoughts of men during tile ages. Photography 
is to sight what writing is to thought. If there is any difference, it 
i* to flu* advantage of photography. Writing is subject to conven¬ 
tionalities from which photography is free: writing employs a partic- 
Iilur language, while photography speak* the universal language," 

Hut if there is to lie a museum uf photographs, appealing to the 
sense of sight, why should we not have a museum of sounds, in the 
shape of phonograph records, ap fM *allng to the sense of hearingf 
Mow little rail we tell from written characters the exact sounds of 
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iifiobnt Sanskrit* or how Demogthenetf wpukc in Greek or t-irem in 
Latin? Would it nut now he interesting to hear the exact accent of 
old English, or the fti^tch of the fifteenth century' All dialects 
should l>c carefully registered and put aside for future consultation, 
and thus we would do for the car what we do for the eye. No doubt 
such e* collection of phonographic records would help onward the 
science of lan^UA^e, 





WIRELESS TELEGRAPHY ITS PAST AM 1 PRESENT 
STATES AM* ! IS HtOSPEiTS. " 


Jty W i LjLiam May Kit, ilr.* 


Ij;ji]^ before the dawn of the (/hristinn m wireless.tluxlaof com¬ 

municating intelligence to a distance were employed not electric tele 
graphs as the term is generally understood, it in true, hut wireless they 
certainl v h itc. and perhaps us tils'; article proceeds it will in it be dilli- 
tult to pen-eive a close relationship, us regards the nature »f tin- com 
munic&tiug medium employed, between soniP of the w 1 ii L ole** telegraph 
systems in vogue thousand* nf year* ago, esju-r dally those that 
employ it 1 the luminiferous ether a* the eoinmui uniting medium, and 
the wireless telegraph systems of to-day, in which case it would simply 
lie another verification of the old proverb, “There is nothing new 
under the sun." 

Polybius, the Greek historian, deauribra a telegraph systenl 
employed for military purposes, 300 Ik In which torches were 
placed on high walls in prearranged position* to cor respond to letters 
of the Greek alpha!* t, and by a suitable manipulation of the torches 
messages wen* thus transmitted to a dlstaiue. The Gauls, too, were 
wont to transmit important intelligence In a distance by a eruder but 
simpler method. A messenger was sent lo the top of a bill, where lie 
shouted his message, apparently to the wind-. Soon from afar a 
voice answered him, and thia voice repented the message in aunther 
listener farther on, and thus, from one to another, the message sped, 
and it is recorded that in three days a message railing all the irils's of 
the Gauls to amis traveled in this way from Auvergne to llie forest* 
nf Amorica in one direction and to the hanks of the Rhine in another. 

Later on enme another wireles* telegraph system the i map ho re 
telegraph—which was in operation till over Europe prior to and for 
*ome time after the introduction of the electric telegraph, Tliistsem- 
nphure telegraph employed arms on posts akin to those seen to-day 
along every railway in the world, and a eel-tain position of the unua, 

" ktprinUsl by perm issior, after nwmiim by tin- not her. ftum i'iu*-iui-‘s Nhyaiine, 
Jdiinary, 11J03. 

h Author of Amurkuii TyUimtpJn- mu\ MuvQr’fl W i Tekyruptiy. 
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liki‘ ihei torches in tbe Polybius gysttm, runwpondwl To'certain loi¬ 
ters nf lltt- alphabet, mill by varying the |H>sitioti of the arms ns 
rcigiired oxjH'rts won' abb- to ti'un>mil messages from cmc station to 
tbo other nt tin* rate of two or three words per minnto. The toweis 
on the top of which the semaphores were erected wore often nO tit tjo 
foot hi oh, and were placed on eminences about t; or s miles apart. In 
Russia alone there was a string of these towers from tile Pr ussian 
frontier t.. St. Petersburg, a distance of I.20U miles or more. Then, 
nflt-r the elect rio wire telegraph, mine the electric wireless telegraph, 
and perhaps oven a cursory review of this subject will show that it is 
not of as recent origin as it is popularly thought to be. For instance, 
it is known that over one hundred and fifty years ago electric signals 
were sent w ithout wires across lakes and rivers. Dr. Watson, bishop 
of Lfintlorff. then sent electric shocks across the Thames, and, subse¬ 
quently, through the Now' River at Newington. Similar experiments 
were made hv Franklin in ITfs across the Schuylkill at Philadelphia, 
and by lhi Luc, a year later, across the lake of Geneva. In those 
Instances, however, the water or earth was the conductor of the elec¬ 
tric impulses. 

It is fairly nrll known also that during the past fifteen nr eighteen 
years there have been in limited use a number of wireless telegraph 
systems which have sometimes been termed induction telegraph sys¬ 
tem#, and in which electromagnetic impulses, or waves, are employed. 
4 Sm>h systems are leased niyuti the phenomena of mutual induction 
between wires, discovered by Faraday and Henry. Henry's experi¬ 
ments, made half 11 century ago, wore rbietly with fiat coils of win , 
one opposite the other. When the circuit of one of such coils, con 
Eainiug a battery, was opened and closed, it was found tltat an electric 
current was set up in the other coil. This action also takes phae 
between two straight, parallel wires, and when these parallel wires are 
sufficiently long, and t he electromotive force in the transmitting wire 
is powerful enough, signals may be received in a telephone or other 
sensitive receiver, even when the wires are separated a distance of 
several miles. 

In l''!'- Sir Willisun 11. Preece sucreeded in transmitting Morse 
signals by this method to a distance of more than 3 mile*, between 
Peniirtb, on the mainland, and the island of Flat Holm, in ihe British 
Channel, using » telephone as the receiver. More recently the same 

experimenter hits met with .. in e-ta Wishing a wireless irh'phoue 

circuit by means of which speech is transmitted between the .Skerries 
light-ship and the mainland of Anglesey—a distance of nearly 3 miles 
the parallel wire ou the Skerries Islands lieing T5u curds i, t length and 
that on the mamhutd 3.5 miles length, the ends of'each win- tcrmimt 

mg m the sen. < >p tlie* systems both magnetic induction and electric 
conduction through the earth and water are utilized 
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Remarkable a* these mails are, however, tliev Im'C !>eeii almost 
totally iiviTriliafti nvi’il by those liinOtw telegraph s_i>h‘in> in u'liirli 
electric wave, 1 *, »r ctbvr waves, art* utilized, him! of which the IJammi 
wireless telegraph system is the l*‘at known. It is of this hitter sys¬ 
tem. ns representing, so far ns the writer is aware, the most advanced 
development of thi* art, that the present article will briefly treat. It 
would obviously lx' far beVtmd the scope of n necessarily limited 
account to deal with nil the wireless telegraph inventions that have 
been iiiuuHinced within the few years* 

When, in istH. Clerk-Maxwell, who was, perhaps, the most noted 
mathematician of his day. made announcement of his relebratrd elec 
tromagiietic theory of light, which theory involved the existence of 
electric waves in free space, many of the prominent phv delate tif the 
time set themselves the task of demonstrating by experiment the truth 
of this theory. It was not. however, unlit 1SS7 that the actual exist¬ 
ence of electric waves in free apace was demonstrated, tin- great 
honor of this accomplishment falling to Prof. 11. Hertz, after whom 
such electric waves are now almost generally termed L ’ Hertzian ' 

waves. The old popular idea of electricity hardly ..rived it us 

existing outside of a wire or other metallic conductor. The air was 
un insulator, mid how. therefore, eon Id electricity exist apart from a 
wire! Maxwell overturned this view, and told ns that just ns under 
the undulutory theory of light that which we call light is u result of 
ether vibration, so also is electricity a result of ether vibriUion, and 
that in so far as light and electricity ditb-r it is only a question of 
the rate of vibration of the ether, those undulations of the ether 
which the eye recognizes as light occurring at a rate varying from 
to 700,000,000,000,^X1 per second, while the fre¬ 
quency of the electric undulations of the ether vary from a few hun¬ 
dreds or thousands to 9u0,ti«i 1 000,000t l 000 i*'r second. 

According to the a adulatory theory of light, the undulations of the 
ether, of the frequency just mentioned, are set up by any source of 
light. Similarly, according to Maxwell s theory, undulation* nre set 
up in the ether by any source of electric oscillations—analogously, for 
example, as waves are set up in the atmosphere by a source of sound. 
Also, us those ether waves which correspond in frequency to light 
affect mi organ of sight when they fall upon it, and as sound wave* 
affect an organ of hearing when they fall upon it, so. it was reasoned, 
should the electric waves of the ether affect a suitable electric "eye," 
or receiver, when they fall upon it. 

The manner in which Professor Hertz proceeded to show the exist¬ 
ence of electric wave* in free space was, briefly, ils follows: It wits 
already known that electric oscillation* could l«s set up in a well- 
insulated wire or conductor; in fact, that the discharge of the Leyden 
jar is made up of a series of electric oscillations, as had lieea shown 
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Iiv Lord Kelvin in l Hertz set ie|■ eWtric oscillation* by menu* 
of un electric cisrillnEor. shawm in tig, L This consists of hr ordinary 
large induction enik A* the Terminals of the socondnry roil being com- 
ti cried to brass bulb* or knob?*, und to which short metal rods. 01 
wings. are attached, Tin- knoksai^ serrated by a small air shirts 
across which spark* jump when the roil i* in ojjcmtkiiu At such 
tuns?* electric nM-illalion* arc hU lip* the rule of which Yimes with the 
idee! rival dimensions of the circuit* 

Herbs assumed that if the electric oscillations thus produced set up 
coiTespomrii ng waves in tin* ether of free space, these waves should, 
hi turn* set itp electric oscillations of corresponding frequency in 
u suitable receiver, or " eve." with lit the range of their influence. 

He therefore adopted us a detector 
of these waves a copper wire* D 
(tig* 1) T of nearly circular shape, 
ulxmt Up indies in dinrneter, hut 
broken at one point. On the ends 
of this wire he placed small metal 
knobs, the distance between which 
could In- easily regulated. This wire 
whs held by uii insulated handle, a 
few feet from the oscillator. With 
the room darkened, minute sparks 
were ohncirved ^>assing l*tween the 
discharge knobs of the receiver; and 
the results of this simple experi- 
ment have liecri generally accepted 
us proof of the existence of electric 
waves J el free s[*ucij* 

Hertz. however, wa- not salts lied 
with this demonstration of the aecu- 
rm-y of Maxwell's theory* hut also, 
in tile course of Ins subset pie tit niriw u 
lerly ex^riinents. showed that, like sound, heat, and light waves, 
the Hertzian waves could also ho reflected, refracted. cone, nlrated in 
parallel rays. and to a focus, etc* 

By the Hertz receiver thedktanm* at which electric waves could 
detected was very limited, perhaps 10 or 12 bet at iumU niul 
hence it is m>! likely that mm It would have k>en done in the utiliza¬ 
tion of Hertzian waves for telegraphic purposes had progress rested 
there. Fortunately, it did not. Shortly after the experiments of 
Hertz, Dr. Brunly discovered That loose metal tilings, which in n 
tinnuaS state have a very high eledrkal resistance. lose Urn resistance 
in the pn ^eri. e of electric iwillfttbna and become practically coiidue- 
toi*a of electricity- J his he showed by plating metal filing* in a gfggg 
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Fiii, A firwnly rtlwiw. 

ri^bibuncv until shaken Apart, for 


tube and making them part of an ordinary electric circuit (wo rig. 2). 
When electric* waves uin set up in the ncighlKirfaood of this circuit, 
electromotive forces arc ornenited in it T which appear to bring the 
filmgs more closely lordlier (hut is, to cohere uud thus their elec- 
trim I resistance decreases* from which nrnsr this piece of apparatus 
the tufn- tmd its tilings is termed u ‘‘coherer/* Hence, the receiv¬ 
ing insirmnezit, It, in the figure, 
which 111 civ he ft galvanometer or 
a telegraph relay, (hat normally 
would not manifest uni sign of 
cUffcnt from the small buttery* 
l\ will lie operated when electric 
oscillations are set up. Profes¬ 
sor Bniiily further found that 
when the tilings had orace cohered 
they retained their low electrical 
instance, hy tapping on the tube. 

In Dr. O. +L Lodge showed that the llranly coherer could in' 
employed to transmit tdogniphk-signals, atal iu order thill tile libhgs 
might not remain ^cohered" after tin 1 result ion of the electric osWHh- 
tlOUk, he devised a mechanical bfc tapjii-r," un the principle of the 
common electric doorbell, the ha tamer of which wte- caused to tap 
the gh*s tnlhc as long as tin- elect ric osci Hut ions continued (tig. .% 
The tilings thus virtually take the place of a key in the ordi¬ 
nary telegraph circuit. In the normal state the key is open; in 
1 the prepuce of electric usci Slat ions the key is closeiL Thus, 
hy opening and closing the key for a longer or shorter period* 

signals cornel hih ding to dub and 
dashes may 3 jc prodm^L In other 
words, hy siting up electric uscil- 
lation> for periods of time corres¬ 
ponding to dots and dashes, nies- 
sages may be transmitted* and if 
at the receiving station a record¬ 
ing instrument (controlled by the 
coherer). such as is used, for in¬ 
stance, in the Wheatstone auto¬ 
matic telegraph system^ hr pro¬ 
vided t a record of the message in dots and Hashes is obtained. And 
this, in short, is what is done tu wireless telegraphy. 

In lfflJ5-9d Poppofl and others utilized the coherer to show the 
esrifftenra of atmospheric electricity* using for the purpose a vertical 
wire connected to the coherer, as shown m tig. 3. 



wm* tAAth 

Via. s.—1IL|-FC mill rui^H'fT VcftfaU T*Lri- 
idiHe(9. 


*i lJtsuribcd in the prvwant authorV Atutrifflii Telegraphy. 
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While Dr, Lodge has since done important work in connection with 
wireless telegraphy,, he was* nt the time mentioned* presumably more 
absorbed in tin 1 subject from the purely scientific standpoint than 
Otherwise, and although lie them iti 181*4, intimated tliat signals 
might be transmitted to a distance of half a mile by Hertzian 
waves, il was nut until Marconi began his memorable work Mutt 
really practical vpauIih were obtained. 

In the op^miticn of his wireless telegraph system Matroni uses 
an electric oscillator digs. 4 and &), the Bntnly coherer k\ the Lodge 
tapper £, in a local circuit* and the PdppofF vert util wire A* at 

the ^ending and receiving statin ns, all of 
which devices, as has been shown, were 
well known, nod it lias been by modify¬ 
ing, Improving, and perfecting these 
devices, and by adding others, that 
Marconi has been enabled to obtain his 
excellent practical results. The im¬ 
provements and additions that have, 
perhaps, conduced more ttuni anything 
else to the first successful results ob¬ 
tained by Marconi were those that re¬ 
lated io the coherer and the vertical 
wire. The sensitiveness of the coherer 
he Increosed greatly by diminishing it* size, compared with the Rrniily 
coherer* and by employing a mixture of nickel filings and silver -!h) 
per rent of the former anti 10 per cent of the latter metal* Ho 
also placed the few tilings used in a vacuum. The other instru- 
merits* shown in lig- 5* are the relay, ft, rout rolled by tho 
coherer* and an ink-ma>rdbig instrument, K. eon trull id by 
the relay. This figure blast rates the earlier arrangement of 
Marinis devices. In it the coherer is 
directly connected with the lower end of 
the vertical wire by one of its terminals 
and with the earth by its other terminal. 
In his Inter work* Marconi has dispensed 
with the filings coherer, now employing 
a magnetic detector, which is much more 
(a) LJ sensitive than the coherer and does not 

! require tapping. 

" “ N1H Beginning his experiments in Italy in 

L8t*fi w ith vertical wires 20 feet in height, 
Marconi found that he could get signals 
at a distance of l mile* and that by dou¬ 
bling the height of the vertical w ire at both stations signals could be 
transmittal to four times that distance. Thus, with wires 4u feet 
high ke could signal 4 miles, and with wires feet high, Ifi miles* 
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Sinn* thru Marmni has steadily lncreiiH'd the bright and number of 
iIh- vertical wire*, mid also the distance to which signals vatt Ik? trans¬ 
mit li-d l hrough fret* spire. and in hi- latest teak about ."i 11 vertical 
wites oyer SKO feet high are used, 21111! the disunite to which signals 
an- tranamitu-d is over 55 ,OiX> mih-s. 

The amount of oketrieal energy employed in setting «p the electric 
rodlliition* for 21 distance of. sny t 2 *mi mile** isatjont Ion wntUfin t olls 
and 15 ampere*), or about one-fifth of a mechanical horsepower. The 
source of the rtertrirsd energy is a sionigp Imltery* which hitler b 
usual I ly 1* barged by 11 large minikr of dry cells. In pissing* it may In 1 
remarked that un ordinary telegraph relay 111213 k 1 operated 
ui 21 distance of 200 miles at an expenditure of :t watts at 
tin* transmitting end of a telegraph wire, or with one-fiftieth 
of the energy used in operating the electric oscillator in 
cguestinn* The actual energy required to operate the tele¬ 
graph relay is about n,i >4 of a watt, the rent of the energy 

king Consumed in the win- itself. 
Ei must not, however. k assumed 
from this that the coherer is a less 
sensitive electric receiver than the 
relay: nor will it k\ when it is 
reflected that the electrical energy 
expended in the nise of the relay 
is, so to ^]M-ak, mainly confined 
to the wm*, a^aimUgoudy, sound 
waves are eonfini*d w ithin a speak¬ 
ing tube, whereas the electrical 
energy of the oscilltitor is nult- 
ated into spire in every direction, 
and thus but a .small portion of the total energy reaches the receiv¬ 
ing vertical wire* It has lnun rulrnluted that the electrical energy 
received on a surface J foot square at a. distance of hut 1 mile fmm 
the oscillator h le*w than one three^hundred-millionth of the total 
energy radiated* and it may Ik* noted the energy actually radiated iw 
electric waves is a mere fraction of tin 3 energy consumed In and at the 




pwTK 

JTh'j. 4.— ^unsmk'* y 5 J 11 - 1 ■ 1 r tnuTuotlttliiE **"!«». 


oscillator. 

From the results obtained by Marconi nrnl others il appears i!mi 
the effect of increasing' the length of the vertical win*., is to n 
greater radiating surface at the transmitting end and to present sit the 
receiving end a buffer surface upon which a greater number of circles 
of waves may fall, each circle of waves adding to the elwtruwl energy 
sot up in the receiving vertical wire. This view is seemingly borne 
out liv experiment, made by Marconi with a metal cylinder 4.1 feet 
iiigii and 1,3 feet In diameter. with which arrangement sigmils have 
been transmitted over 31 mile- (lip. 6). The chief object of this 
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arrangement, however. h to secure k mdintor having' laygc rapacity 
for syntonic purpose#, to bo reform! to presently. 

The vortical wire J> usually of stranded copper* about one- fourth inch 
in diameter, although Marconi for this purpose uses also strip* of wire 
netting ii I unit t feet broad. On land the wire or netting is supported 
In mast-* of proper height, securely guyed.. On ships the ordinary 
masts su Hire. It is not necessary that the wire hi* Kiispouded strictly 
vertical lly so lung 21- tin* desired verlinil height is obtained. The wire 
is thoroughly insulated from the mast at lIji- top I ay sticks of rublKTor 
el'hinitf. 11 r j -1 is led hi I h rough an open window or hatchway to the 
room when- the transmitting and receiving apparatus uro ‘dtualed, 
Thi> thorough insulation is iieecssiirj\ l*oci 4 iiis(\ although T he discharge 
kniJi' *if 1 1 1 1 - i^rUIjiim- are sc] limited h y an air spare of only half 1111 
inch or less tin induction coil used in connection with the oscillator 
i* often ukpthlo of producing a spark that will jump In or It inches 
through air, The ucLullI appearance of the induction coih discharge 
knobs, vertical ’wires etc., is well illustrated try the upper figure on 
riiitr IIL The heavy current and high pressures in the circuit* of the 
oscillator Luvr inH\v*sitated the employment of 21 much Jaeger k ey for 
manipulating the oscillator circuits limn i-. used in ordinary Morse 
telegraphy. 

At 2in early p^rio.l of the pitudinil history of Hertzian-wave teleg¬ 
raph} is Wit-i seen that the useful ness of this art might he considerably 
curtailed hy the fact that lntl one message could l*e transmitted 
between any two stations within the sphere or “radius" of influence 
of a transmitter* since the attempt to transmit even two messages at 
one time would result in an tin intelligible mixture of faith messages. 
Several inventors have been at work trying to overcome this defind* 
and* il is eluLUicd, wish success, nntiihh Dr. fridge. Sig. MarronE, und 
lh\ Shi by, The plan followed by those gcndcmiu lias been that of 
employing a syntonic or tuning method; that k the transmitting and 
rereiviiig circuit* are adjusted or 41 attuned ^ to a given rate of 
electrical him illations, 

H is 31 we I Mi now n experiment that when two tuning forks having 
an identical fimdainental rate of vibratinu* are placed in suitable 
proximity either folk may be set into vibration hy air waves *ct up 
by the other fork und neither will Ik 1 set into vibration by another 
fork of a different note. The tuning fork is u persistent vibrator bv 
virtue of two qualities which it pos^scs -elasticity trad Inertia. 
When struck a smart blow", it moves from its point of rest; direetlv 
its elasticity returns it to its point of rest, its inertia carries it past 
that point* its elasticity returns It to zero point, inertia carries it past, 
and so on, until the resistant of the tdr mid other causes stop it. 
Analogously, an electrical circuit may he given, in almost any desired 
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Plate 111, 



FiQ. L—A HERT^aw Wave Wiheless TELEGnAeN STATION. 



Fig. 2-The= Nantucket Lhhtship* Equipped w>th Marconi Apparatus &y Means 
d f whjch all Passing Whits Sta H| Cunaad, and Other Atlantic Steahias are 
Signaled to th£ Nantucket Island Station. Shown ok Plate IV. 
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Fio. I. The station Apparatus. 
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proportion, this equivalents of mechanical inertia, elasticity* find resist¬ 
ance* in inductance. ittpftfiti', and ohmic resistance, reapt-i-tivelv; mid 
the rate of electric oscillation of a circuit may Im? varied try 
varying these factors -4 lie filial ter the factors the higher the 
rate of oscillation. 

When, then, the receiving circuit of a wireless takgniph 
svstool is accurately tuned to oscillate in harmony with the 
A tmusmUt Lug circuit, which can Im- done hy giving the respec¬ 
tive circuits practically equal inductance, capacity, and resis¬ 
tance, the receiving circuit will respond only to the oscillation* 
set up by a transmitter correspondingly tuned. At least, this 
briefly, the theory on which these experiment ini' IhlsccL 
In experimenting, Marconi and others have, it is stated, found 
that perfect syntony U'tvvren I he respective tuitions \> not 
absolutely essential, hut that U then- is 
a marked divergence of frequency of 
usd I hit ion between them the receivers 
wilt not re?qw>nd to any but their i <o 
res] m i in ii ugly at 1 1 s ned tmnsmitters. 

The arrangement of Marconi's tuned 
transmitting and receiving circuits is 
outlined in tigs. 7 andN. ] i will there lie 
seen that the fisvillator undl the coherer 
fr are not 40 an noted to the earth, as in 
Mrtfroni^ lirsL cvpoiiisirnte, but are 
kept in electrical connection then 3 with 
lik tig. 7, A is the vertical wire, widt h is 
dike end of tin 1 wire */, 




J->-. 7 — V||Lfv*irtk'» Uin«-4 tTflii-mkitlniir 
ilrfoit. 


o£ 

o v 


bv ii small induction coil 7’ 
attached at its lower end to n toil of wire tc+ 

w[iic1 1 form* j m rt of tl j c -en nii3 n ry w i re of E1 j e i j idurlion roii 7\ 
may Is* connected to tiny desired turn of the coil rr m By this 
means the iiidiictaiwe of tlm vertical wire rimfu univ la- varied, 
and ite oscillation period thereby 1 m> made to correspond with 
tha I of the circuit B n of the oscillator, which includes the pri¬ 
mary wire of 7/ C is an adjustable condenser of very small 
capacity, by varying which the oscillation is-riod <jf the circuit 

Timy readily 1 m varied* An 
electrical condenser is vir¬ 
tually a Leyden jar, arranged 
in a convenient form* In this 
case It consist' of a few sheets 
of tin foil or copper, I he alter¬ 
nate sheets being separated 
f rum each other by thin sheets 
the storage battery circuit, as 




¥m. HL-Tte IffliWl rewiiini frirtfUt. 

A kev controls 


of | in m Hi [i paper 
shown in iig. 7, and, thereby, the oscillator circuit; J/is the induction 
coil nf the oscillator. 
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Tlio tuned receiving apparatus id shown in fig, &. [, t this figure. A 

is again ilie vertical wire with the turns of wire is, to which is attached 

tIw .. Vf of the induction roil 7> </ is the secondary of the 

>iime induction coil; eA* tire “choke” coils; t is the coherer,« i# n ran- 
denser, nud li is the relay. The induct ion coil T arts virtual Jv us n 
step-up transformer, materially enhancing the electromotive forces of 
ihi- received osdUatious. and thus increasing the signaling distance. 

Marconi ha* found it important that the oscillation period of the 
coherer circuit, shown in the figure in solid lines, shall In- the sumo ns. 
or an octave of, the oscillation period of the vertical wire circuit! 
shown bv the dotted lines. This van be done by making the secondary 
vail J >, of the eoii T. aqua! the length of the vertical wire J. The 
transmitter circuit k then adjusted so that it* oscillation period mr- 
respond* with that of the receiving circuit. This is brought aland by 
Varying the cupidCy of the condenser in tig. 7, The method „f obtain 
ingthi^ "balance, 4 as practiced by Marconi, is t„ begin with very 
llttto , Jl l Mt ‘ iiy in the condenser, and adding to it until the beat result's 
are obtained at the receiving atatjon. If, when the best results an 
uhtiiunhl, still further capacity is given to the condenser in the trans¬ 
mit t mg circuit, the signals fade away, showing that ihen the two circuits 
am out of Immiony. 

Man* mi ill ho fc aim i L ihiit bv means of tuned apporutuH h much greater 
distance may he reached, w iih a given source of electrical energy and 
height of wires. For example, a transmitter which would affect a 
I it ner I receiver HO miles away would not affect n nontuned receiver 
110 feet distant. This, It may assumed, is because in the mse of 
the tuned receiver the faintest oscillations, or electromotive forces .set 

l T 1,1 the . . . '"g eircuil by the incoming waves are if.ism, with 

llmsc waves, and successive Incoming waves ani]difv Hie os,-3 Hat ions in 
the receiver circuit until they affect the coherer; where* the 
tiuas which the same wares tend to ser up in the , wn tuned receiver 
emu" are * to speak, out of .step with the natural rate of filiation 
of the nontiined eircrnt. and thus as frequently oppose as assist the 
im hint I oscillation* of lie circuit. 

In connection with the experiments carried on hv Marconi it is 
reported that two different messages have heat received at one time 
mi :i vertical wire, two sets of reviving apparatus, each attuned to a 
< itfenMi rate of ^ illation . l«mg connected with the same wire To 
those who [„n e h rivgmrimm with Cray’s harmonic system of wire 

telegraphy,* 1 ih which three and four ..Is. attuned to transmit 

and to nvmvc different rates of otectxlral current pnfentbns. have 
Ihh-ii successfully and separately operated on one wire, this will not 
appear astonishing, since it h quite conceivable. if i, he granted (hat 

T T S7Z!T* can lw successfully 

attmnd. that two or more re ceiving instr umenta mig ht be col., fed 

* Ifwcnbed lb Mavcr'* iuitriian Telegraphy, fifth «»|itjoii. 
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with one vertical wire* and cntrb set of apparatus select and tcapoud 
onlv to the particular rale of oHcilktidflfc to which it is situmcd* 
However, while the successful operation of contiguous tuned cir¬ 
cuits is quite within the possibilities. it in reported, ei* 31 result of 
numerous teats in France and elsewhere, that freedom from inter¬ 
ference with tuned apparatus is not yet secured. But if by the use of 
limed apparatus nothing else wens gained thin the ability, with a 
given amount of electrical energy mid a given height of vertical win?, 
to transmit signals to it greater distance thnii 3 * possible with untuned 
apparatus, it must he considered a derided mlvance in the art, «nd T 
judging by the whole progress of electrical telegraphy* it h safe to 
sav t when j §a much has already been achieved, that the necessary 
improvements to obtain at least practical freedom from interference 
between adjacent apparatus will ultimately follow, 

Th c spec i me it o f a dot a 11 d (lash iv 1 ret ess te I eg rupl 1 reco n I give n i n 
Fig. f* is a facsimile of bulletins *“ caught outlie wiag” during the 
yacht nms of |s<^» in New York Heritor. Mr, Mamin s had his 
apparatus on (he steamship sind was sending bullet ill* of the 

progress of e!ic nua i to e ] 1 ■ - Market Ihmiictt rLtlile ship, some miles 
ttwaiy, when this sperimea ami many others were recorded by a ^et of 
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Clarke wireless telegraph apparatus which the writer was supervise 
big on the steamship Li fiwtiidi / hwh -. This wilh pndniblv the 
first instance of tupping Hertzian wale signals, in the I nked Suites 
at least- It will lie understood that Shr. i> an uhbrevisit ion for Shti*n- 
mJ\ Other abbreviation* w<n- used in these bulletins ns till, for 
* iiljl_ for iiImhiI; hd. for board* ole* Tim present sjwed of 

signaling by wireless telegraphy when Lie- tilings coherer used, is 
from lo to 31 words per minute; but it seems reasonable to expert 
that, with further improve meats in the art, expert manipuktots 
uf the key should eventually attain a considerably higher speed of 
transmission* 

Fur practical purposes there is not much doubt that wireless ie!eg- 
ntphv will find its greatest field of usefulness between vessels tk *ea. 
or Ih tween vessels and the mainland, or bctivern point* divided by 
the sen when* it i^ not deemed feasible or profitable to lav a qubte. 
Numerous ex an iplcs of such use* are already in evidence. There is, 
for example. » wireless cimiit lietween some of the Sandwich Islands; 
another between the Lizard, Cornwall, mid Sr. Catherines, Isle of 
Wight, l&G miles apart, and between Poole and St. Catherine^ 31 
miles apart- The British Admiralty have alsu adopted the system for 
many of tbelr war ships ami for some of their land stations. In all. 
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they have about 4" sets of inch wireless telegraph nppu nit us installed. 
The length of vertical wire of these stations is about 150 feet. The 
warships thus equipped have signaled each other when too miles 
npirt. I ho wireless system is also installed at different point* on the 
continent* of Europe and America at La Panne, Belgium, forexum- 
pl«’, and Jit Iterkum Island in the North Seat off the mouth of the Kins. 

A number of tight-ship* have also been equipped with the wireless 
telegraph systems: fori listener, the Goodwin Sands light-ship, the Bor- 
kuin light-shill. 35 miles from the island of that name, and the Nan¬ 
tucket light ship, off the Massachusetts coast, from which station 
[Kissing vessels are daily reported to the nuiinlund, 

JIanjr Tnonnmtite steamships have alio beta equipped with the same 
system, notably ihe h titx* r (I <lhthu ti< >' 1 ! resir, of the North tfemi/iti 


Lloyd Steamship Company, the A ><t«<■},!<>*,<1. of the Hamburg-A meri- 
nin Line, and the vcsni.*L of flu- Cunard Line, and many others. Fre¬ 
quently vessels thus equipped have communicated with one another 
by wireless telegraphy in mid ocean, and while out of sight of each 
other, communication being thus kept up for hours while" die vessels 
were passing in opposite directions. 

Then - is little doubt that the use of wireless telegraph systems hy 
Ihc navies of the world will lmeome genera I in the near future. There 
are tavern] reasons why such systems are especiaily applieshk to, mid 
de-iralib- on, war vessel, which depend mi largely on signaling. For 

******.. signaling hy I lie Hertzian waves is more successful over 

water than over land, greater distances being reached over water. 
The vessels ulrcady carry the necessary masts fur the vertical wires: 
tin' apparatus. including batteries, does not require I*. portables 
there i- at present no other practicable method of signaling at sea to 
u distance of even a few miles in foggy or hazy weather. 

Willi regard to Hie use of wireless telegraphy for military purts^es 
in Iii-tuiil warfare, the prolitcm is somewhat different mid the ..b*ta- 
.-Ici to its me are considerable. Thus the question of obtaining and 
transporting tie uiitste for the vertical wires is,i sermu- one This 
omjnf th " difficulties met with in the South African war. The 
matter of providing in an easily portable nod reliable form the elec- 
tne;il energy required for the operation of the cM-iHutor is also IShelv 
to be rather difficult under some dreuntsteucre. Should the cylinder 
arrangement employed by Maieoni be found suitable for land work 
tins would be a decided gain, and if hy this means a reasonable flfe! 
ten"-. s»y 15 to.VI miles, could lie covered by wireless telegraph v, it 
would In- ii very valuuble addition to military signaling in lie* field. 

There is, however, nearly always in land Derations the alternative 
of Wire telegraphy, and while the difficulties of transporting the poles 
and wires for such systems are frequently very great, they have rarely 
te-cn found imurtnounteblo, and where this may t*. tin- rase as w ben 
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an enemy is between u relieving army and a Udeagueml garrison, it 
is very probable that the enemy, by keeping up u “cross lire*' of 
electric kvuve^ could prevent commtiJiicatiQn by means of winder 
telegraphy with the iHdongiirred army. 

As to the commercial or monetary value of wireless udi^graphy^ it 
is yet too early to comment, Commercial trail*-At hint r<- wireless 
telegraphy Iuls Imhui promised since the early part of lflOl, but it i.s not 
yet. at the end uf 1003, accomplished. It is understood that sin- Mar¬ 
coni Company receives from the British Admiralty XI od per annum 
for fifteen years, presumably during the life of patents, for each sta¬ 
tion equipped. The ftorkum lightship is what may bo termed a wire¬ 
less telegraph l4 piy station,** and according to the (lermitn postal 
authorities, which control this station, 5C5 messages were handled 
during five- and a half Eurmihs, or about three messages per day, nf 
which 618 messages mtm from ships sit sea, while -17 were transmitted 
to ships, A hirge percentage of these message* wi-re to and from 
North Germain Lloyd steamers. 

Since the first announcement nf Marconi^- successes with winders 
telegraphy many aspirants for honors in the same field have naturally 
arisen, but so far as actual commercial insults are concerned Marconi 
has hitherto kept well ahead of other workers along this line. But 
more recently such companies sis the De Forest In this country and 
the Shtlso-Arco and tin? Braun in Europe arc operating in nmnenms 
instances with success 

To obtain I Ije- greatest degree of usefulness from wireless t ■degraphe, 
when ft i" einploynl to proven! mil Is Eons at sea and (o j m2 infornui- 
tion from vessels in disEres> nr when approaching or departing from 
their respective harbors, which are popularly suppose*I to he the func¬ 
tions for w hich this system ig especially adapted, it would appear to he 
essential that every vessel sailing the main should |h equipped with 
the apparatus The writer can say from experience that ii requires 
a considerable degree of export lies* to maintain the apparatus in proper 
working order* and even wht-nr-nde signals only are employed a fair 
amount of intelligence L required, It is therefore a question whether 
the n<i|iiigite skill and intelligence would lie available at all (iinesoii 
all kinds of craft. 

There are, however, doubtless n great many places where the neocs* 
hi ry expert ness of operators i* available. and in which* therefore, the 
full value of the gyslem will I jo realized. In fact, h may 1 h? stated 
, I halt a vastly larger employment of wireless telegraphy is already 
assured, since the Lloyds* whose extensive maritime interests are 
world wide, have entered into a contract with the Marconi Interna¬ 
tional Marine t ViMjmmiscutuin Company to equip nil their coastwise 
signaling stations with this system, and to transmit mid receive mes¬ 
sages 1 1 h and from all passing vessels similarly equipped, at a regular 
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tariff rule (if a! wut ISeeiit^ per word, this agreement to ox tend over 
a period of fourteen years, ami in (his country tl s well a* in Europe. 
At ready in the emu pa rati wily few instances where the »ystetu has 
tn-en introduced its great utility and importance have been amply 
demonstrated. 

A number of vessels wpdppcd with wireless telegraph nppamtus 
have signaled for aid for themselves and for other vessels in distress; 
mvessnrv supplies for ligbt-boiiscs have l *y this means been procured 

in e . ram ies, and id other n ays life and property have already been 

safeguarded by the aid of lids latest wonderful Utilization of nature's 
greatest mystery T the ether, l*v the genius of man. 
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TELPHERAGE/ 1 


By ('ii.Mii>> M. Clakk.- l 


fhyintitim* — Tdpfaora^ is d&rivvd from two Greek word* “ r#At n 
a ud "'Tide*' means fitr* imd "fern)' 1 means to bear 

or to hutv, Therefore, tidpheragc moans far-aiming. The *umo 
word tele M appears in telegraph and telephone. The word wan 
originally invented by Urn Inti 8 Prof. Fieeming Jcakiiv, who whs 
the early spirit of telpherage, and hut for hi* untimely death tel- 
l>herrt£e would he even more extensively used. Like m;my other 
words. Uh meaning has varied, In the beginning it meant, practically, 
aerial electrical transportation* hut now it him been brought Lick to 
its original meaning, which is the transportation of material to a ills- 
tam e by olectririty, overhead, or sometimes oil the ssurfaeo, or even 
uiidct^umil. In the latter nisi 8 ,, it is termed '"tubular dispatch." 
Then 8 forts telpherage may 1*" concisely defined as the electrical trans 
|M>rtiitlori of mate rial. The method, of applying it is an engineering 
problem and must depend upon local conditions, and even to-day the 
term ' k telpherage engineering 1, is blooming a common expression* 
It will he noticed Unit the word '"tiutoriititie ” in left out in these 
delmitimis, The reason for this is that it th a commercial question, 
mid in eases where n loan is required to utleml to certain ]Millions of 
the work, it is often tdimqier for the man to go with, the load than to 
uh« automatic devices. A* U> w hether tL is better to tunke an installa¬ 
tion Uhlniiiuiic or otherwise* depends entirely upon the comparative 
cost of (lie two methods of O[ieratiop. In this connection it may he 
said that with telpherage plunts the won I “ telpheninm L ' is nnw often 
used. 

Hhttory.- The early history of telpherage cloudy resembles that 
of the electric railway* Before I]il- successful pioneer^. in electric 
street railway traction had finally tnvom]dished ^iti-shu-lury results 

■' K+priutid h y irt-niibsian, iUit r ravlifun by tlm »miiiur T Emm TrwiKju-dmiH of the 
Anteriisii Ictsfitnti- -.f KliwiricaJ EngJaeem, New Y rL;. Yet XIX, April* 1W2 S pp, 
301-IDO. 

A A j-uiprr tm iJ III lie- one hull 11 ml Jill'! HitftY-Uilirili meeting ^4 the Amurimn 
lustitntc ef Electrical Kngim^et, Svw Ynrk and Hii'-nM, April 1002. 
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roumv men had experimented, and it w well known that i^me forty 
years agouti electric railway wn* operated having a apeed of several 
miles per hour. It seems that it ii necessary, with all successful 
applications of powe r hi the transportation pro Menu t bit much pro- 
iiminnry work, aemingly unproductive, mtist he dune. It often 
pens, us in the case of early telpherage, that the times were not ripe 
for its commercial adaptation. In the history of telpherage in Eng¬ 
land^ a telpherage line ivas installed using what was then tailed the 
series system, whereby it was necessary to use a telpher with it num¬ 
ber of trailers* One section waspositive and the next negative, the 
current puling fmuiorm section of the track to the other through the 
motor, thereby completing the circuit. In passing over the insulator 
between the positive and the negative Hcctious then' necessarily 
occurred considerable sparking, which greatly increased the cost of 
muiuteiianee. It was also necessary to always have trains of certain 
lengths. There were in:m 3 other disadvantages, such as having to Lise 
u track iiia.de of round Wr mil and the difficulty of manufacturing 
reliable electrie motors. If it wus desired to install u telpherage 
plant it was always necessary to pill in iln engine, loiiler, and dynamo. 
In eoinpiLrison with its early history telpherage to-day po.m"fc&e 4 the 
advantage that every factory, where there is need for telpherage, 
either has its own elect rind plant or the [K>wer may he rented from 
existing central stations or even si root-rail way stations. There ft re 
also to-day for aerial transportation most excellent ruble* made 
especially for telpherage' work.and likewise, where it ts more desir¬ 
able to use tluin --did rail cubit-, special shapes have ken devised 
which give must excellent results Mm.us, controllers, and carriers 
of great rvlinhlity arc now many fact 11 red ful lowing the methods 
developed by the best mil mad practice. 

Before it was decided to cuter into the present cutiniicrchd adapts 
don of telpherage* un engineer visited id I tin* electridil manufacturing 
plants and electrical instiiliations In Europe, and found that nothing 
was being done in the trans[Kirtatiou of nut ter in 1 electrically. In the 
United State* tunny experiment hail keen made, hut I he inventors 
were always seeking the nnoMai liable. rpcm imveful research, it 
wn> found that tlierc were 4eU patents directly applying to telpherage 
and several hundred more which | Mortal net! indirectly to this subject. 
Most of these original inventors were, however. too ambitious, and 
then' wan hardly my limit to the mi tidier of in ilea per minute which 
was to lw tidiloved by the new and wonderful agent, electricity. Not 
only material was t■ ► he trampm'led, hut also passcngi'is, and I omit i- 
fnl cars of mahogany were hni|i and pul in 1 'tporimental o|H'ration. 
Cigar shaped curriers Were devised. Home of wliis-b made a speed of L A 
tidies per minute or more, and w hen il was impossible to attain a 
grimtei-speed 1 here mm great d istwi agemi rit. Thera are nu authentic 
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FltL i.—T rack with S” Curve, 
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Suspension Carle, Track Cable, ai^o Handera 
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Plate Ml 



Cable Coh&Tflyc-Taow w*th Telpher, Electric Hoist, and Bucket. 
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Fra. 1.—CENTEH-flEAFTIKO TELFHEFt. 



Fia, 2<—5aDE-i easing Double Trpliey, 



Fig. 3.—Solid Rail Cowshed with Cable CoaSTFrycTio* 

1 4ptl?h I ] :*f LUJ | h 4(11*1? 11 T | ri 1 h- n I Jiwi*. A ^ i mu L j* ■« <~F n HIMlIHrtl nlm'lt 

otu 1 \mr^' (irivr«* t. 
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Plate: V 



Fia. 2.-£lccthic Hoist a no Trailer, 
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exainplr H of nii^li mur^ tiuiri i!Xj>oriiit< fc (ihd wnrb* miiiidy, fin svly ron- 
vi-vin^ iikHirE^iiLl In-l n iwo [H*\tol% {fiwnilh in ;i sfnii^bl liiiu, 
jiliiml hi somo viK-Eml lul or Inf Mum 1 ttu-r*' k^iiiwI U* brii ili^irr to 
Unw. tht' methyl of trniiaportntiriii nrroniiiii; to wrtuin preouiu^ivod 
ide^^ nnJfctM* tliaii to pay the lu-n^sary Litteutliiii to its ratiimm-kl 
uduptntcon. 

j —Lhi account of vairuHH lid*iiiitap\s in to the 

ilwtributloii of material ^urli m deposit] at an mIoyiUhui in'^l of 
tkctrlphmigt! plants ihia> fur Uratullrd huvt- Ikhmi ovorln-a«L As nngi* 
nor IS* you will lir mu>t iritWv*h‘d Lit Ih-ht' tug wlial hn* hium umuu- 
plhheci Thi- tfosf-ription* ;m\ tlioroforo, nnduird to ovprhotftl work, 
L f nder tho hvaid of construction, k runy In* stated that the track is made 



FJO. l r —Snppccl I Jiff tuilr, dtnililv lliie. emu of tie ilmptort timteMla of polft coortrorfto tor floubte 
LSsit*. h>pL^3>ai) fur turn? U-Ena aud wl^rp on-* ups itiIIiWct 

of cable, Imperial I IT drawn, either of standard wire i>r U-li coil tvi«% 
which latter hits a strength approximating 1>& per cent that of the solid 
bar, or else solid mil. either of Hat, girder, or hulb ivjs'. 

The cable tracks are supported every 10l> f«t* provided it is con* 
vmirnt to ereet poles or structures. Where there urn deep ravines 
or between upper stories of factories, the spaa i* made to correspond 
with the distance, and can he made of any reasonable length. In 
addition to the track cable, upon which the telpher runs, there ts also 
what i> known as the suspension table. As is well known, ii would 
be impossible io prevent considerable sig in the track cablnand there- 
fore the track .-able is suspend® 1 from this suspension table by means 
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of hangers. The number nf these haiis^-r^ would depend upon the 
length of the spans, It will hr easily seem that it is possible to linve the 
renter of the spans higher than the ends hr merely ruining the sus¬ 
pension iiilile acid the hunger. This obviates one of the early ditH- 
ouUicv met m the nw of cable For telpherage* as thejv is now no 
i jbj retionublo deflection in ihe ruble when the telpher approaches a 
bracket. Then! utv >»• rein! mcLlnsU of counrciing the trank and hiis- 
juni>inEL cables by lni j uih nf the hungers* The Am* nf the cable, 
hangers* acid htiurkrts van * depending upon the weight which comes 
u]xm each individual spin. "Hie support wjis either din pie [poles- with 
a bracket, or what i* known ils the * 4 A" coitetrucition or ordinary cross 
hems, ('able construction less than solid mil* except where 




Fu. Othir frtnti# ttf p^c flhr^th^ ilngJo end daublc (Inc*. Tin* tmt'-k cibj^ nrc 

hnps-iniHl 1.> nti h* tI■ i-r i-n,Mi whh?t Li calk 1 *I the ««i>|■« n*l».ii iuble\ U mUild I■■ ■ Erai^ndhltf vl-ILJi 
Imni t f|*iwi muEiIi 1 *1 tlbii mdluMi-wiI itorns wialkl net ttmiAimfalk 1 iS^UMfllmi. Hi l* 

ilrfliTt m> n <+ uic i- liilmi u|i> 1i> Him ■ aIiIi Nm -utily vnu i urLi Mu- rrji-L vmhW 

tuirlimUl Uni d¥*'Ii Ulglti‘r Ka Ou? th+u *i ilw ImnltinU, 

there lire main ^witches, la which cn>rs the price- i.f solid mil and 
ruble approach each nther* En general, rubh- lines are rcronminubed 
for straight lines* except where the weight is excessive* 

In solid rail const ruction* the supports are ordinarily placed Id 
to 20 feel apart; longer s^iris are used if ii is not commienl to erect 
supports. On long spans* the truck consists of u girder rail with the 
track rail above U* It is not possible to givtniny general rulers tn 
w hat kind of truck it i~ advisable io uk*\ ns this is a factor of the 
length of the spins and the weight. The weights conveyed thus far 
by telpherage vary from 125 to Io.hho pounds, and the cost varies 
accordingly. it will he readily nnderstoorl that whets the weights are 
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greater, the support* must In* nearer together, ami the cables or gir- 
ili’iv: lnaviiT. If in 11 l i ei jmi :lI Lei In the truck mil. either nimvt 1 nv at 
tin* aide, innl depending upon the amount of bead room, are stretched 

one or mi mv trolley wires; .. wire, if the truck he used a- u return. 

If, however, it in desired not to urn? the true Is as n return, or to use 
alternating cmrent, two trolley win* are employed. There are many 
other details of construction which the illustrations show Sh-tler than 
uny description. 

l\lph<rn. —According to the construction, telphers are divided into 
three distinct classes, renter-bearing, nidc-t curing, and idler ante-U-ar- 
iug. The ccnler-btmriiig has two motors, one on each side of the 
truck; the side-bearing has both motors om the -ame side, ami the 
alternate lists one motor ilium one side of the truck and the nllier 
motor upon the other side, lint nol upon the same -haft. Illustrations 
of some of these telphers hiv shown, also the same in operation. AM 
tin- weight in the side-1 tearing telpher i- utilised ini' tract ion, and the 
load is suspended Uineath the driving wheels.. Same times two telphers 



Ftra, 3,—Tli? dsnjtali 1 uuuthuunt inurtk'n: i mim nfcc*!. flr w^ubk hv I; , PW 

t*>l H 2DQfti4C |ht hiiii*-i[i- >tikHliiraplnif4TirteC Lijji-rLitr-’l liy let|tlii’rnittu; mmlfwlinl (hhh eitt^ryful, 
TtflphfPH - >Lii Ii> o[*riCivl T h* ■ nf Uh-k» AmiUr ttlpfaii' knvr n priority I-!’ tmm 

,,f I-, ui ijH-r hoar £*v*t iw*l of imi-k. Ijiinir, u rn I nutlits, !uu»rti Si** iM 1 ™ni [*■? Emj. 

arc connected up together in it single brink, this giving what is nil led 
a double telpher: or u 1 railing wheel is used after a double telpher in 
order to distribute the weight over u greater portion of the truck. 
This is necessary w hen the weight of the load to lie carried ts great. 
Fig, :l shows 11 iiiii- fully this weight distribution. In all telpherage 
work gears mv rarely used except for very heavy work or <m steep 

grades. The frames of the later telpher* an- made it.. easting, and 

The driving wheels arc of stool, this having been determined t.. U- the 
best m ntc rial. 

.1 friar*. The motors lira waterproof and dust proof and a tv com¬ 
pound wound for automatic work. When a tclpkmiuui goes with the 
telpher ilie aeries winding is employed. There is also used a special 
series coil to give greater torque when starting. The telpher is plated 

above the truck, thereby keeping the motors .. injury, while there 

is also no danger of their coming ill contact with the carriers <->r being 
otherwise injured. 
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FTm*tx+ The hoist i* suspended l*dow tin 1 Telpher, or soiuetiims 
from n trailer drawn by the telpher. Special attention hits l>otm paid 
in the Inter designs of hoists to use as little hood roam as possible. Ie 
was deemed best at first to combi nr the telpher and hoist till in one* 
but (here were so many noses where si wos necessary to ost b the telpher 
alone without the hoist* and uLso where it wees advisable to put the 
hoist on the trailer instead of on the telpher, that experience lias shown 
It is better to make the telpher anil hoist two sejfcinite pieces nf appa¬ 
ratus- i imiter simplicity lass also beets obtained and a cones (Maid¬ 
ing!)- lower Uiivintenam e reached. There are many other inicresting 
details concerning hoists, as to the speed, lift, and construction t which 
it is necessary to omit here. 

Braiw. Two distinct types of brake are used on telphers. either 
hand brakes or solenoid brakes, both of which are arranged lo apply 



FJfl, &r— 'tpu'C’WeHtut iuottbk 

fft|nbcr irM!k. 


pressure to the wheels or to grip the track. In regard to the solenoid 
brake, it is only necessary to explain that it works autoum Ideally, the 
solenoid being placed i n scries with the armature, A spring fiutim) I v 
holds the brake on the wheel or the truck. If, however, from any 
cause the amount of eiirrenl imping through the solenoid is reduceii, 
whether by iiii^ins of internal rcawtumru or by resison of I he additional 
fniiiiter-ideeimmtitive force generated by the armature* due to running 
at a highspeed, the solenoid licoomcs weakened arid the brake h applied* 
An air cushion is armnged so that the brakes will lie applied gradually* 
Tb , tiihr#> It is often advisable where a large amount id material is 
to be i jirra-iL especially over one truck, to use trailers. These con¬ 
sist generally of u two-wheeled truck, below which h -u^pendisl u 
bucket or other suitable form of carrier, or even the hoist, els the case 
may require. For heavy truffle it ih customary to arrange n long train 



Ftt*. C—ITatt L-LFrultf eul4Uxn|fl 
idiea wlUt rinuMuff bdehiT nick. 











±>: ! 9C3 IJL'k.. 
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F- i. 1 -Td-Pher with Autdmj.tic Dumping Bucket traVersinq a Curve. 

A ii1h*Miil 1 h‘ Jn ^H'fWtji-ra, 



Fig, 2- Standard Hgisr. with Telpher and AUTOMATIC Dumping 
Bucket, Filling Cars. 

1 1 itJ i llliH t3*1 Lb (Ifttftatlnn. 4 ->■ IJh|J4 i 11 [IH3 ml-lf. 
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Plate VU. 



Fbd. 1 r "L0^& OF MISCELLANEOUS 

Freight Approaching W*fi£wuu>:t 
terlphermaws Seat attached 
to Telpher Frame Extension'. 



FiGr 2 ^Buckets Filled from Chutes. 



Fig. 3-—Telpher, Trailer, and Minimum headroom Hoist, 

T lie ki-l-L tuuttbfl to Stltf li Mil l, 
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carrying as much tis in tons, The order of procession i*> first, ;i telpher 
with four cir five trailers, then another telpher and four or five trailers* 
and ft telpher ut each end. The placing of these telpher* ait intervals 
greatly adds to the traction, while the distribution of weight over the 
w hoi f! spun, or over two or three ..-puns, enables much lighter constrain 
tkm to in* iisckI for greater «ijmc ity T 




rHi, it ,-Owrhnnl ti-rpiilM-r track* mttOlil m tun nt flit* *1-k .if rnklrrot lr»rfcp. SmithIjiH railway 
LTni*t Te^htr, tnKor H jifrl I'kriric hnt»L Contra! t»y ^phenmuL 


By means of space-covering or movable telpher tracks coal can lie 
deposited or removed from any portion of the storage yard, and not 
merely from beneath the telpher track- This truck. movable by hand 
or elec trie power, greatly reduces the necessity of n multiplicity of 
telpher tracks arul switches t-p serve M the spam The top surface of 



Kin. 7 .—sMu nktctiuti ill fnripht I’fttis IptlJirr tnu-fc. tOj&cr mirl I h.mt tmEkiP. (Hi* Mpfciniirta 


mntnik iiiHvi-tifrit rtf. iratn and Eutf-iUi£ ami limwiHjff Ik twlflt Storks. 

the eon I thu» deposited is horizontal* and not in peaks, ><> that the 
whole vertical space eftn be utllbced, Sand, gravel earth, sulphur, 
or various chemical products run lie as easily raised, transported, and 
(ltma|.^il into vessels or cars. 

Zayfwfar Much engineering ^k i JI is required to lay out or plan Hie 
telpher lines for any proposed work in order to decide whether lhe 
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line should U' single or double and the weight to Im> earned by cadi 
unit. The installations should lie so planned that the pxjwnse will I hi 
reduced to a miminimi* and, further,, tluit t he truck will nol interfere 
with exlaiing matdibirn* or buildings taking; rare to avoid an excessive 
number of curves mid switches. as these add mure or less to the expense, 
particularly to the tost of erection, 

Mi'thirtl rj/" *Ajh:P\ttit*t ** li Is dillinilt to 1Lreut in it general wav of the 
method of operation. In automatic lines it is necessary to provide 
appliances whereby it I -1 Impossible for 31 u unskilled iijj^rutor lo injure 
the telpher. In order, therefore, to provide for rmli agencies, u 
t4 dead section'' is placed ;it eiurli end of the Luc. the middle »f the 
1 iin■ lasing goiu&mlly left alive, l T pon dotting a spring switch, the 
dead section is energized so long ns the operator keeps his hand on the 
switrk which i- usually only a few fronds during which time the tel- 
pher passes to that portion of the Line which is always alive. \\ hen 
it readies the other end it comes upon the dead section and thru either 
aUnvs down of its own accord, or eke a mrchiuueal or solenuid brake Is 
applied. The telpher then passe* under the reversing arrangement 
and it is therefore reversed, either with no current in the line or else 
with a high resistance. I f the telpher isat the farther end of the line* 
the o|>eratnr ut the near end, by closing 11 switch, can bring ii hack to 
him. The dead sections nt the end of the line, which have current 
only so long as the hand is held upon the spring sw itch, render the 
line as safe us possible against the telpher coming in Contact with the 
tenniiial posts. An mitolffiltte block -ystem prevents enllbhm of 
telphera. 

£Wv*. The curves are solid mil and likewise the trolley track* 
where there is 11 curve, especially when it has a short radius. Whom¬ 
ever it is necessary to pass around a curve* to take turnouts or cross¬ 
over.*, il resistance is inserted in the t rolley ctn.niit. whereby the telpher 
automatically reduces its speed while it is traversing the curve or turm 

put 1 m j upprr.mehi.ng a cross-over switch. A> .. m it renchr* the 

other side of the curve it receives full voltage and continues at iisTior- 
mnl speed. In regular service the speed varies from 3*Ht or 80t* feet 
per minute up to 2n miles per hour, or even more, when reipihrti 
The slower Hpoftds are used when the lines Eire short. and where there 
are many curves, particularly for factory and foundry work. For 
lines running across the country n »pupd in excess of 2o miles per hour 
iuti he obtained, but with the higher speeds the cost of 1 In- count rif- 
linn increase*, rvrUiin so cial devices being ut-ces^iry. Even fur 
installation* which are termed Crosscountry work." la to 20 miles 
per hour law l»een found amply sufficient, 

As to what the ultimate capacity on grades may lie, this bo* not 
been fully determined. Experimentally more than 20 per cent lias 
lajen mailed. In actual practice the greatest grade equipped has lmen 
[n B r cent* and thus far there seems to be ample traction. 
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Although the amount < ■ t' power may Ih l easily figured out. it i> some- 
v. Iiile in 1 ]s l ■ nature of a surprise when we consider Mini to carry lialf a 
ton »n a level truck ut a spy'll of tt per hour, much U 1 .-^ than it 

horsepower is required* including nil losses. This U a revelation to 
most manufacturers, The ahsemio of gearing, the motors being 
attached directly to the driving wheels, gives the highest efficiency 
possible^ us well us freedom from noise. 

The actual power eonsinned, according to the table given shove, iLt- 

K miles |h h r hour for .. pounds mi u level is only (Mfl horsepowHf* 

il is therefore smi that iimplr lillownuee is made for losse* mid extra 
weights not provided fur in tbs- loud, such us down-corner buckets, or 
curriers. Thu power required iiicrcascri greatly with ihe grades, and 
when this reaches certain limits it is deemed advisable to use gears in 
order to reduce weight of motor?. 

Mu h*t*vMnQ&i —Although telpherage hm not us yet been In operation 
for a sufficient number of years to determine e.Yuetly what 1.1m main- 
teminco will 1 n\ yet, at the name time, in Hites that have been operated 
for a year and u bidf the miiintenanee has Ijeen exceedingly small. As 
stated uliove, Ehe dliving wheels being of steal, none of them ha> th m 
far shown any sdgna of wear, and trailer wheels are of the same material 
und type which have Iteen used on itHwInmictil ruble lines for ten years 
and are still in good serv ice:i hie condition. iTte motors, on am Mint 
of their elevated position, have shown a letter maintenance than *fcn- 
tlotum motors of ihe same type. This may poesfldy Ijc from the 
ext ra cure taken in their roust ruction. In regard to the track, this 
has also show ij most excel leut results, also due to the Fact that it \ a 
above grit and dirt and erasing tcatiiH and. when well painted, has 
shown tittle signs of wear or deptvriatiijm Wherever a change is 
made from cable to solid rail or w here ndde pushes over hungers or 
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brackets it is protected liy what nre cal lid “shields.” thl B se Indfijj 
arranged so that they taa lie readily replaced. The cable is also pro¬ 
tected nt tin 1 lumber And hnurkets I iy steel shields* 

{'it/HU-ify. An inipm'tailt feature in telpherage is the impurity <»f 
til si; line. In general, l tan -ay that there is no other form of con¬ 
veyer known whit-li shows Mich ilexihility, This is due to the use of 
vlfK'tridt) 1 , and the feature- which apply to the street railway ripply 
uhm to telpherage. There nsv ivm factoid of serial hupnisucr in 
relation In the capacity of the line: First, the speed* and second,, the 
mimljcr of Ujlphors and trulers, The line may tie Said out with one 



Eirk ft.—ri*M mml rievalbm rrf nmiUtHT fwrm ik| rtonblu loLphi k r nllli 4-bffl wml tnirfcct, taltoir tlump- 
Lilit, »*b Fhi: tvifitivnun. rhu *Nb' Pl -ffliton ih tmn bicUumI uf -m^limt-Pil In rirl? m( iHilMliifa- ■ hi >1 
lufrdLH^ ellllU*. 

telpher and a few trailers, More telphers or trailers may Iw added* 
and, if upon a single line, coupled in long trains* If it is desired still 
further to Surmise the capacity, the tine may he made doable, while, 
if desired, the nifriers may also Ik 1 made enntinmms ho as to take 
Imjxch and I turret* nr other freight its fust els they ears lie delivered to 
the carrier* of the telpher* and traders. 

Tin- llexiliility of telpherage in regard to eu|meitv is wonder fit l, and 
bn most in i p c nil t feature, hi fart, U may Ih- si id that then- is 
practically no limit to flexibility. In one plant, ahnul to he installed, 
the proposed eupurUy is 350 tons per hour,avdr n distance of one-half 
a mil*-, the material to he distributed over an area of about hii nero. 
Anyone who h familiar with conveying will note that there is no 
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other Hynteiii tbit can do tbi> econo in bully* chcuply* iitid in n way 

*0 thoroughly uitfafiivtury u milliner us udpheni^ra 

Tim miinrc of installal bn varies with Liu* nmount of iimteHal to l>e 
curried* so llml if the amount bn ln fc ntrrbd b small, the exjjeiuUtiire 


need not lie grout. 


«/' frfjJirfwjt* -There uve fen hietnrics wtmre the 
instu l lut bn of an overhead tolphenigu *valet] i would not prove a valu¬ 
able in v^'truersL The tpiestbn is often asked: Is felphen^ suited for 
currying Hpctiiliv articles i And the reply nmy be that it b adapted lo 
the enn Moving uf the products of .. st every kind of m:ini] Picturing 



Flu. V — In **:WvS H?f tMldl eSCiTiUim Uw Ii-il‘UjlfJ nK O^PPIIliin in H-. fHillirti^ Tin' bttfifctft hm 
tllKbetl tri El n Imlkf wEiltV tfw ItUFlteCa jUv! wheel nrv tuwwl into* Uu? f&erfvtttal jiimI \hv 
lH|rkf!t, wlan-n filial, U mis a Tiy liMok-ctrir huU-l ihin thr whii-l of 1 h.- tmlh-r fnw,^ ih* cmHy 
rtSV Ttie luiL th* n. ^ - bp siai-li? ti* the |iW«.tk^nTfi htuI la minami hoi] I r dump*! Tti ta iem> 
the Uni’uf cxcavAbinn, f«r trilllm the t retted fir 1 m lh* rirht hif Hl, fin rnifc^dtug Itit^ 
mTL1.1 If [II CfififittUmt hlltklliA cipher hi ftti I d* 1 * in *il ilkEnbiH’, Thi' tdpbcr lift* fh- 1 SlxIMtllr fcf X 
Irnllcr^f- Tiitonn=Ui*n1 iinaMvlfmtf U'lpbct H-tnlffrrtvitjr H»e*, oiid tlaejnnuimt-ul wcrklluil 

l iiii Ik- Dcfinafiilibcd hy [I wiilk thi utlnlmuiu otf UNmt 1« rpjn&rlruhk 

In these days of consolidation of companies, factories cover immense 
nmy. Tilts individual buildings urn frequently large enough in therm 
«elv<<«i to utiliffl* ii telpher lino. In many cases, on account of tire risks 

to of convenience it.inn factoring, the buildings aru widely separated 

from each other, and yet constant coinutUiiLoatkm i* mtccssaiy. Over¬ 
haul telpherage, therefore, m manufacturing wtu Mi shine hi* is used 
fur earn ing tin' raw material., implements) and finished products fnmi 
mie purl of the grounds to another, from one I m tiding to another, or 
even from otic part of u building to another part, moving' raw material 
from curs or vessels to the works and then taking the tinislmd products 
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to the railway station or the wharf for shipment, and fur cniivcyiiig 
refuse away from the factory. In this conueetiuii we might mention 
the conveying of ashes or slag to the ..p heap. 

Telpherage uiav also be extensively list'd for handling coal, If 
serves to re due** greatly (be cost of transportation on plantation* and 
farms and may lie economically used ft>r bundling coffee, sugar cane, 
tobtrco, fruits, atid hay and other like products. 

In general, it may Ih‘ said I hut wherever material is to he carried to 
a distance there is no power so flexible, so economical in first c<ist of 
installation, coating so little for power or the expense of maintenance, 
and with such great capacity ns tolphorage. It may. therefore, he 
designated a Uniterm) transportation hy an immaterial fluid,and may 
well V calle d mm of the most important of the many adaptations of 
elect ricitv. 

If time, flour space, or labor is I icing consumed in the conveying of 



Fin- 10 — Esum* till us uinl I«? v fling in pn*irtaq: ft hhJ1*wIh tnt mllrtwH Thp f n tir tJnn rtf i hr lolpher ti 
W i ruUNfH i ri lift- hmlfll. bmtart, pad hmA The holit fim** I In* phi fatl ifcK awl d-urtill ciflf. Th+ lutifl 
MilOBiilkullr IrtiUm* rHh*-t Minm Ibt- (rtnlt rrPlt >tr nx»|^ Ilit? nlita « nhh. us ihiifv I* ***? 
i^W|H >Hillntal jtptiln IjMtil nL*> h *r sroupfn# WMl tnHi>[HM-iLNB I'tt-rtip, mtut H-hns, er ctnil, 

liny kind of material in any plant, plantation^ ur mint*. earli tun lx? 
saved by the installation tif telpherage, Any voiidttiou at any iiiaini- 
fiActitliiig e^UibliHlimvnt wbieh pr&tf'nt* u rec|miemrnt for hniiLing tiy 
man or team* whether in transmission of product during the various 
of rtiantlfflctiire, 1 Ik- movement of materials by whk-b the prod- 
net is to Ih> treated, or the handling of fuel and ashes or other waste, 
in si higkiil opening fur the installation of telpherage* 

When you install telpherage you employ h machha to do the work 
of men. Machinery is the ihuh! |Kiwerful factor for economy in pro 
duetion. Telpherage is almost kunum in its operation, works any 
number of hours per day, and never tires. In many emm you start 
the telpher, st conveys automatically leave* its load at the tlesiina¬ 
tion* and returns for another Umd. Teljdieragormiveys All pounds ur 
5UJXKI pound*} solid* or liquid*. 
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Plate- VIM. 



Cqnvev^q Cu*l from Remote Shcgs to BoilEh Room and Gas house—High 
Telfheh Line Over Poaq. 
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Plate IX 



Fio, I.-Coal from Car on Siding Across the River to the Power 

Station. 



F«i. 2. Carrying Coal rsow Storage Sheos to Gas Works. 
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Pl_*TE X. 




Fik 2— Telpher. Tfiaileh, *!nq Minimum Heapruou Hoi&t. 

^RlhUM&tlP Llll*fur R'hhI* nr »Titc. 
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Plate Xl. 



Fin. 1. Telpher. Trailer, Electric Hoist, with Platform Carried 



Fig. 2 r —A mtohatic Line in Paper M^lls-Papeh Polp. 



















PLATE XII. 



Fiq. 1— Curve Co*i struct™ qf Caule Track 
Heavy LQa&. 



Fig. 2.-Telpher akd Trailer with Platform Carrier Loaded with 
Cases of da* Goods. 
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Load with Buc^r. 3 Tows; SPitD, 1,000 Feet Per Mi^utt. 








TltE EVOU'TION OK 1‘ETKOl/K.Ht'AL IDEAS. 11 


By J. il. HakkIW TkAIX, Esq., M. A,, 


V, l*. K. S. 


l\TKOIH« J rH>S, 

This nineteenth century. whose obsmjuic* wo Have -o recently n?le- 
brated, was Iwrn in what has aptly termed by Professor Siittal, 
our latest historian. the heroic age of geolugy■ Geological societies imd 
geological surveys did not then exist. (Joopenitive work was unknown; 
hut a "fe w individual*. i.f e-rent (X)wcr and originality, were laying the 
foundations of otuc science on a firm basis of accurate observation 
Pallas had recently carried out kls remarkable researches in eastern 
Russia, and had noted the extraordinary abundance of the remains of 
the nth, rhinoceros. and bison In the supertiekl deposits of the 

Siberian plains. De Saussurc laid dimlwd Mont Jlkac, and published. 
Ids unrivaled descriptions of Alpine sesmory and Alpine structure, 
Werner was slill m'tinjc a- "it exponent of the science which he had 
done so much to foster, and had tired his two most illustrious pupils, 
L, von Bueb and Humboldt, with that enthusiasm for natural know I- 
mIho which was destined to produce such glorious results - Hutton had 
just passed away, after giving t.. tiie world his Theory of the Earth, 
the main features of which form the k»U «f modem g»ly ■ 
and Cuvier, laitb bum in the same year were m the pntiio of 

life, and actively engaged in those researches which placedMrat.g.upl^ 
tail geology oii ii secure foundation. These are some of the heroes of 

The early hiatwr «< l!«.logj » a,a,ale a mat of fta»rt» jwu- 
tat .: lint .. tank »»- It "»■' 

fori. A manta. again* tl,,| wild a 1 „,'„l«..i.„. i.nlir I, and 

the greater |«,rtion of ..ightmatli eatuma 1*1 .-'l m. »nd tbl- led, 

naaiag otla-e thinga. totlie foomlationof ear . .. all 

mvh flodetks—in 180*; „ - _ 

. ass * *s=s *... 

GetjUijiiD*! Sudety, Lwriuii. vol. t,vn, |>[>. I*“ ,iX!t ' ' ■* 

addres of the praristeirt of Ow society- 
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That it was necessary to put a curb sin the uni Kridled lioGiise of 
geological speculation* and hi emphasize tin* importance of diligence 
andurcunuy in the ubservulimi of facts, ivill lio admitted. by all student* 
of tin- history iif 11lj i" science; but ie i* ^ , +-ll to remember that (here i> 
iiscientific, as w^It ns a 11 unscientific, use of the iiunginflEiori. The chief 
glorv of science is, ik >E (hut It produce an uimTu million of the condi¬ 
tions under which we live* but that it r«mt inn ally enlarges our view, 
introduces new ideas, new ways uf Lou king at things, and L litis am- 
tribute-’ in no small degree to the intellectual development of the 
human race* 

]l nmy gone mil v rerogiiizisl that the sLalc ipf udvnnrcuient of u 
science must fir measured* riot by the nlimber i>f fuels collected* lutl by 
the number uf facts coordinated. Hie old Baconian idt^i that \i was 
only necessary to pollwt farts and pigeonhole them according to rule, 
in order to make the must brilliant discoveries has been somewhat 
discredited by K. In- history of sclent hie progress. Speaking on this 
subject, Do Murgau says: 

4 * Modern discoveries have not been made by large collections o f 
facts. wkh subsequent dimMtsskvn, separatiijii, and resulting deduction 
of a truth tints renden'd jierceptihlc. A few facts have suggested an 
hypothesis which means u Mippodlioii pioj H-r to explain thent, the 
necosary results uf this su|i|iusilimi iuv worked out,, and then, nnd not 
till then, other fact* arc examined* to see if these ulterior results are 
found in Nature* # * * What arc largo col lection* uf facts for if 

To tmike theories from, -ays Hueoui so tty ready-made theories by. 
says the history of discovery; it's all the same, my* tfie idolater: mm 
sense, my we. 

Hutton appeals to have been of IV NlorganV way of thinking. He 
pondered over thrt facts that he had observed in Engktid, France, and 
Scotland, and formulated bis theory of the earth, lie th m went again 
into the Meld to test the consequences of his theory, ami Verified them, 
lie never seems to have I hough I it worth while to describe isolated 
facts, or the smicture of particular districts, except in so far m they 
illustrated his theory, although no fine was totter qualified to dothis, 
ns all reaii» rs of bis description <.f the unconformity at SictTar Point, 
of the granite veins in Glen Till* or of the geological feature of 
Arran will readily admit. Ills joy at the discovery of the granite 
veins in Olcn Tilt can he easily understood. Ills theory rcqinml that 
they should exist-* and they wen? found, not hy chance, hul torn use 
they were looked for. And we im iy to -are that the joy did hot arise 
from gratified vanity, for, a- Playfair says, he was one uf those who 
Umk Diure delight in the onnteiuplfttioJi of truth than in the praise of 
having discovered it. 

In thus railing attention to the importance of ideas in scientific 
rescaich, I TELL>t it will not hr I bought that ! inn advocating a return 
to the condition uf things which prevailed in the early day* of gcolog- 
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14,31,1 history, Armchair pldhpsEJjdn/ing, npirt from actual work in tlm 
field, the lidwmUury, arid the mu^sQm. is li y ms means L-. Im- ■ ■i*m- 
tiipncImL Hut the worship nf fact, a* fact. m ay ludly l*- overdone. 
The nmuJier of discoverable flirts is practically infinite, und it is there¬ 
fore possible to got into such it condition as not to h- able to swe the 
wood for the trees. to lose the due seirsoof jirOjXsrtiuiu arid to lieottfUA 
mere machine* for Udinlnliiig intirininiibl-c trivialities. 

On the other hand, it should Ik- reinctuljered Unit every worker 
endowed with hiiHgiimthm uuisf formulate, in his own mind* many 
theories that will not slum] 11n- test of v eri titbit inn* and dint it r> ipike 
wnmiJPsHU V for him U> trouble other workers with siudi theories. IJe 
ran 0*sl them fur himself* nnd relegate them to oblivion if iirces.s&fy, 
without burdening nnr overcrowded laH»k*hvlvLc* with crude apeenla 
I inns und 1111 vcriliiti hypotheses. 

11, is- On ly when a theory has proved its usefulness as n coordinator 
of fact that it Iw-coiiies worthy of the dignity of publication. It may 
he true or falsi*,, must likely llm hit tor; I ait if it coo rdhutto.s more fuet- 
thuii any other it is nt nay niti* useful and may he eduveiiieiitly retained 
until replaced by a t tetter. Controversy as to the truth or falsity of 
a theory often seems to im licaidr the mark* for if a given theory coor¬ 
dinate 9 more fuels than any other it is nt least worthy of Tes|w. , eL and 
limy lie tentatively I add ns ei working by ] withes is, along with the con¬ 
viction that it is not true* or only partially true. Indeed, die eontro- 
versinJ spirit is, in my judgment, Inimical to the best interest- of 
Efeioiice* 11 makes ei man iiun-e eager Up [■elute than Us understand the 
views of his npjMments: it tends to cheek the Hew of sympathy, and 
lints often prevent* that friendly cooperation which is *0 desirable in 
the iaterect of scientific progress. When controversy Itccume# acute, 
I always feel inclined to exclaim * + u plague on both your hoUsesT’ 

Every branch nf our many-sided science ha* touch ted by the zeal 
for collecting facts which 111.1 tnifested itself during tin* early year* of 
the mnrtettlith century. Method* of observation have tocn iierfectecL, 
national surveys ami private individuate have examined and are exam¬ 
ining the geological slruetiirr of every eh ilifccd State, ami explorers 
have penetrated to almost every quarter of the globe, < hsr libraries 
and museums arc bring rapidly filled with records Eif all this scientific 
activity. Side by side with the registration and cataloguing of facts 
there lias taken place tin evolution of mientitic ideas, and it is on lliis 
aspect of the subject, so far as my own special branch is concerned, 
that 1 propose to offer n few remarks. 

iWks may be studied from two more or less distinct points of view, 
the descriptive and the aetiolngicuk Hut it is well to note lliai the 
distinctness of these two points of view is hut the exp region of our 
ignorance as to the genetic relationships of the different types. Facts 

m 1003 - 19 
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{l * to romptJs.itinn. structure, and tin* like, accumulate faster than 
they <*un la? interpreted; and our classifications urn therefore neces- 
surily more or low artificial. Hut there is thut within us which compel* 
us to tiring our classification* into uncord with our views as to genesis. 
Phvlogeny tmud in the uad control ckssifitution lK»tli in the organic 
uml inorganic worlds. As soon as we realize that any scheme of dawi- 
licntioii place* together object,’, which hove no genetic relationship' or 
group* them irrespective of such relationship, we become dissatisfied 
with it. The o] L | classifteuturns need not bo thrown over tin- moment 
tlrnt their imperfections are glimpsed; bat in the end they have to l« 
discarded, and I lie new idea* find ex invasion in a new class ifkat ion. 
Thus 


Tljrn' 1 Ijc ngc« mu.' iucn.--.L-.utj2 jsirpnw runs, 

•Vml i Ijc thoughts of tmo «pt> witi«ne(l with the prove*. u f Urn ana*. 

Jl.w far Eiulton was in advance nf his. time on mutters relating to 
petrugcuesiH is Must rated hv the fact that more than half a century’ 
elitpscd before his ideas found expression in systematic treatises. Yet 

the separata.. rocks into igneous, sedimentary, and metamorpbic, 

and the further sulidi vision of the igneous rucks into plutotiic and vol¬ 
canic, follow naturally and logically from his fundamental conceptions. 

'I'he reason for the tardy recognition of wlmt is now generally 
admitted to be the true basis of chmsification is not far to wck 

Hutton was no ..iti*t. Werner, on the other bund, was not only 

a keen observer, but In* pois'essed in .piiie nn exceptional degree the 
]>ower of describing what he ohservod in precise mid definite terms 
mid of grouping his facts according to their supposed relationship. 
He was. m short, a born systematist, uml this, combmod with his elo¬ 
quence and entliusifl-sui. gave him a commanding influence. ] n looking 
auk nt than two striking figures of the heroic age. Werner and 
Hutton, it h almost ini|NiHsthle to avoid a feeling of regret thui tlu- 
one did nut ptisaeas wlmt the other lacked. Hut such regrets an* use- 
LH lj." liom>r i hum both. 

Tin* anthurs of systematic treatises on rocks published during the 
tirst half of the century were nil under the sjiell of Werner, and they 
were still further hampered by their ignorance of the composition of 
hose rocks which are of so fine a grain that their constituents an not 
be determmed with tlu* naked eye or with the aid of a simple magrii- 
fi mg lens I he treatises of Hafiy. Brongniart, mid Leonburdt clearly 
m^nized the great natural group of fragmental «***. hut thl> lnifl 
inuts -f the Other equally natural groups were, so far ns gene ml 

TT'\T ?"T ‘ V U * hX int ° P" 1 ™ 1 *** the first time in 
be work by Yon Cotta, the English translation of which appeared in 
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PlUMiUESs tit'IUNc: THK FIli*T HALF OF T1IK CENTURY. 

Igneous rocks played but a small part in the Wernerian system. 
They were regarded a* stratified rocks melted by beat, due to the 
burning of coat lieneatli volcanic districts. We now recognise that 
they are of great impurtnnee, und prolwbly represent the original 
source of all the other reeks* The clearing up of onr ideas a* to their 
nature tmd mode of origin enters round two rout rove me+ — one m to 
the origin of latsiikL the other ns to the origin of granite. 

It is difficult for us to realize the condition of thing* which prevailed 
during the early years? of the century. when the martial spi rit of the age 
seems to have utTeetcd the scieEitilir world and a furious coil trove ray 
raged between the Neptunlst* and the Vuleuiii.-Us els to the origin of 
basalt. We look with a feeling of astonishment at the coiitWivcr- 
siulisU* condemn their method-, mid admire the eatm figure of tile old 
man DeaniaFttd ;h he site, there refusing to Irn druggei! into the con¬ 
troversy* and i|iiielty replies to Ilia eh id lenders, “tin and see/' Now 
and Lignin* in looking through some neglected eiibinrfsof uiir museums, 
we collie across ditsfc-vovered specimen:* Lli hided “ Ammonites in basalt 
from Port rind i,’* and are thus forcibly reminded of those stirring times. 

The controversy as to the origin of granite lasted longer, mid dui'ing 
its later stages, at any rate* was conducted with dignity and a due 
regard to the amenities of sckntllh: diaeitsaimi. It resulted, luureovotv 
in a very derided t-n large men t of mar conception* u* to siihtcrmncnu 
phermuieim. The Wernerian v iv\v that grant to wa> a precipitate from 
a primordial umm was compelled to give way as. soon as the tectonic 
relations of granitic masses, *o well described by Hutton. Playfair* 
and Sir d ames 11 alb wen? clearly realized* The phenomena of grmiite 
veins* tiu« occurrence of inclusions of the surrmmding rocks, und the 
sharpness of the ju net ions between granite mid the -train with which 
it is in contact prove beyond all doubt that the inn ten* I of which 
many granite ijiasso ure cotnpuoed must have Ikvii intruded from 
helnw in a plasth state* Toward the middle of the ^nttiry these facta 
were generally recognmal for nil those masses which occur outside 
areas of crystalline schist. But their recognition, although conclusive 
as against the view that granite was everywhere a primordial sediment, 
by tio means involved the necessity of accepting the 11 tit ton inn theory 
that it resulted from the consolidation of a muss of matter in a state of 
[Hire igneous fusion. 

The earlier phases of the discuss!uit as to the origin of granite cen¬ 
tered mainly round the tectonic relations of the rack masses: hut the 
later phase* hod referent* rather to the Fo;n]msiti*m and structure of 
the rock itself. The |H*per*oii this subject* and especially the discus¬ 
sion between S-hecn-r and Dutwher, are well worthy of the attention 
of modem potrologUta, 
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S-hitrtr maintained that the purely igneous origin of granite was 
disproved hy three line.' uf argument. Thus lie contended (hul the 
very presence of iputH?. was oppos’d to the theory, for this mineral 
coilld not ho formed hy igneous fusion* and was absent from. lavas 
containing an excess of silica, such as obsidian,even when tlie.se kvo* 


must have eonled more slowly llmu some granite veins. 

Again, the order of consolidation of flic mill ends, ns determined hv 
mutual in lerforciiee, was not the order of their fiisiliiiilirs. Foil met 
Jj;td endearured tn remove this objection by supposing thnt quartz. like 
water ami 'iilplmr. could be cooled below it-' proper melting |>oint. 
Hut this theory of the si ir fusion of .[Harts' was untenable. hem use the 
amount of Livervuuling wu* Dm great and the complete rest which was 
necessary could not be postulated. N-hcerer admitted that the ubjee. 
tions to Foil i net*' theory were rendered Usss fordid,> hy :i eouddnu- 
tion of tin- fart pointed out by Duroiihcr, [lint the magma of gmnite 
diil not contain the in ate rial of the separate minerals in si fused state, 
hut consisted of a homogeneous liquid a solution ns we should say - - 
so that the oven'on ling did not affect quarto ns such. This, however, 
in id' opinion, did m-t justify the theory, for, to use a free translation 
of lds own words: “ El i' evident that tin- point of solidilimtinn of the 
silicate forming the magma out of which tho ditferenl compounds are 
separated might to approach the fusion point uf m the quantity 
of liases in the liquid portion decreases." 


According to Durochrr'* view, lie- ultimate hnse of granite should 
consist, not of quttta, hut of a substance like petrosilr* 

A third Hue (if argument, founded on the oecuiTCnce In some gmn- 
ib'.of the pern!iar pyragnntitic minends, such as gndoliuite, was also 
brought forward by Schaerer. If n chip uf isotropic gad.dinile bo 
hinted to redness, a sudden and remarkable change takes place. It 
glows brightly fora few moments, and after cooling U found to have 

. .e denser mid strongly bircfrhigcnL Thus gudolmito m eurs in 

two phases: n lighter isotropic phase mid a denser hirofringent phase. 
Tlie change from the former to the latter takes place at a rod l.cat, 
mid tin- reaction i* imcmiipmied hy a considerable loss of Wn , v but 

little or m< 10 'S of material, Thu occmnmw of this mineral in .. 

granites proves therefore, according to S heerer, that they must have 
(xvnttcM Hiri ti^ci below u red hmt H 


Those three lines of aigumem, based on the presence of quarto. on 
the mutual relations uf the constituents, ttn d on the prepuce in some 

gnuutes of pyrogiioniic ..ends, run cur, he considers, in disproving 

luetbpory of pure ijfrmnti;- fy>ion. 

tb.n ... tlH'iiry ,»f upao.ignWu. M,, 

" ,L, "w" " i " t .. . ««• e»»uk- „,i,„. 

1 he it™* »'«<» ... 

Ixw III" consolidation point conSdormbly, nod during 


the EVUj.moy 'PF I’ETHOLUOXt'Al* lt>KAH. 


2U8 

eniisolirhition die water would eoncantratc in tin- mother liquor, tmd 
illtinhib-tolv in the silica. Final consol hint ion \v<niU take pbnv t»h tbd 
esteqie of the water. Thus the paradoxical order of crystallization 
would 1 h' explained* and the granite iiLightciiosolhhituni a tc?ni|K^nitnrt v 
which would admit of the formation of the pyrognomic minenit#. 

The theory of Seheercr was opjkised in Duna-her, and the cnistro 

ver*v lietweeii these two distinguished n.oxtendiHl over a period uf 

thm* or four yeur*s Dproyher considered that a close uxtmi nation 
of die stria I a re of granite doe^ not 1*ear mil tin." view Mini there is a 
well-defined ordered coeisi)] illation. Hie minerals mutually interfere 
one with the other, sometimes one and sometimes another having the 
advantage. The magiiia apprius to have moled down In u compand 
lively low temperature and then to have separated into definite com* 
pound* which did not solidify insumtaucouslv* Tin* relative perfec¬ 
tion of form would, on thU view . fie largely determined by the relative 
jiower of crystallization of the dilfeient ■. mist i Incuts. In (hi^ rcqied 
quartz is al a disadvantage. It moreover, :i> Miov. u h\ M. 

fraud ha a event range of viscosity, ..I when fiir-ed run In* drawn into 

threads like glossand sealing wax. He agrees with sheerer in wjeel- 
ing FoilrnetV theory of surf 11 sin h. and considers thut i In- pane lox leal 
order of consolidation min In- explained by taking into consideration 
the wide range of viscosity of quartz and its slight tendency to erys- 
lullS y.i\ .V hi in thir vif 1 w has recently 1 joen mfvocated 1 >y J > roffissor ■ h Ay . 
Durocher replies to argument derived from the alienee of 

quartz in ohHidkns hy punting to lt< presence in trachytes* and 
attempts* somewhat unsuccessfully* to explain away the pres.nee of 
the pyrognomie mineniK In his criticisms of Se hearer's views as to 
the amount of water present in granite he is often effective, for lie 
shown that sufficient allowance had not lieen made for the effects of 
alteration* 

SchGerars view lwcnmn the popular one, and is now generally hdd. 
It was greatly strengthene«l hy Hr. Sorby a dW'overv of the widespread 
distribution of liquid envitfc* containing water hi the quartz of gran¬ 
ites, and hy the well-known synthetic experiments of lluuhsw and 
ntiicrsi. The failure of all attempts to produce granite is also still felt 
to hr a strong argument against the theory ««f dry liismii. 

Seheerer concludes the discussion with some obsorvatiofis which I 
can not ref min from quoting. He says; 

4 ‘To avoid miaandorstanding. 1 desire to make some remarks on the 
Yuiue which I attach not only to my theory of the origin of granite, 
htil also to geological theories in general, l am fur from believing 
thuE the igniHrtis theory, which M. Dunoebcr defends with so much 
rigor, is ihmlly disposal of, or that my theory is completely satisfac¬ 
tory. Such definite voiiel union* can not he readied in the present state 
of Wr science* More than one point of view U possible on a1rno>t 
everv subject uf this kimL and Lints it mu>l ever ln\ for inatheniatkul 
certainty i-s unattainable. 




21*4 


i'HK KVOLOTION OF PETSOLOOICAL IDEAS. 


"A short lime ago it we riled u- if the NVpiurienii theories 3ut«i com¬ 
pletely abimdtmcd I In* in favor of those volcmiin thrones which 
appeared so aliHurd to our ancestors, NW thr Nepj imrau theories are 
Iloginning to show signs of lift*, I have endeavored to conciliate the 
two sister ou r lilies by suggesting that water tiiav plav an important 
puit iti the formation of fused rocks, fi * * ] Jo jjnt pretend, 

however, that my theory is unassailable, or that it bus I sen absolutely 
del lions i rated. J * * In my opinion a gcnlugind theory should 

not he considered as absolute; Imt it lieiomrs probdde when a consul, 
emlil ntimljer of fiu-ts ^nmp themselves ui-omiii it, and its degree of 
probability ran he measured by its power of assimilating the tiew fin is 
on night to light hv the progress of science.“ 

These are wine words, mid may well is* remembered when dilfnr- 
eitres of opinion tend to become sharply accentuated, The (with of 

.. ■* littered with discarded theories, and tills foot should serve to 

remind ns that "we are in me of us infallible, not even the youngest.” 

In the discussion lietwceri fw-heeier and Dumrher attention was 
directed to the mutual relations of ihe constituents of granite and to 
the inference' which could lie drawn from tt study of those iclntimiB 
its to the order of ninstdiriuth. . the mtaemls. 


THU mNSf>1.IJlATIOS OF lUNKOUS MAOMAS, 

At the time when the discussion took place tills kind of reasoning 
could In- applied Only to coarse-grained rods*. but with (he advent of 
tliMnieroo.„|„. it became possible to extend it to the Important group 
which had Vcn designated in lire earlier i-lassi lit-at ions as "apparently 

liomogBi us risks," In the early part of the .ry Cord h r bad 

proved, I.y tin- microscopic exumination of the powder of basuli, that 
this riM-k was heterogeneous; hut it was not till the crimination of 
thin sort ions had been introduced that the mutual relations of the con¬ 
stituents of the liner-grained rocks could la? studied, lu those rocks 
which have resulted from thr consolidation of homogeneous silicate 
magma*. and in which the consolidation fa as hee„ unaccmimimicd by 
tlie phenomena of resorption ihat is, in which there 1ms always U-e‘n 
equilibrium between the constituents during the process of miwoli- 
ilntion the order of separation can tie inferred from the lnJanwimiu 
strut-turo. 1 

It h«a thus been established that the pnx** of eonsnlidatim. can not 
H ' vldisd ,nt onmwWuf sharply defined period*, each chantelerimi 
by theseparation of some one minora] mdy. hut that the time* during 
wdm h the different mineral* an- sepirutmg out overlap to some oxtim 

The amount of overlapping varies In different m-o, and ... and 

the same.naffuiais n.^1 marked i., plutonie masses; when,,, we<.. 

elude that it in liugelv determined by physical conditions, ami e*.. 

prasHuris i j 

The order of eonwHdat4,, lw dotemiaed by an examination of the 
mutual relations of mineral* *, therefore, the order It. w hich thev com- 
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mezire to form, and this order nmv or may urst sigiw with that in which 
tliev vpajm* to form. The laws which expnw tin 1 Older of formation 
of mlnemlH suid the chemical and physical c-oiidirimiri which i-oiiirol 
that order have not a* yet been delimUdv e-tnMiahod* 

One nf the most important papers on theoretic I ]^trologi' U im- 
dmibtedly that hv Professor lltw^nbiwch on tin- Hignitinnco of the 
granular tuid jiorphyritk >[ nurture^ in massive ruck>. L lie iiu|ntrtiineo 
of this pft|)er muwt not Ik? judged simply by the amount of truth in the 
principles enunciated, Kmt rather hy the stimuli!* which it gave to 
thtmrctjc&l considerations and to re^earche* diiwted toward a pwrtie- 
siliir end. The constituents of tiutssho nxrkK are divided hy Professor 
ItosenIaisidi into four groups 

L The ores and itn^wory constituents i naanieliltr, 1urnmtitn p ilinunite, u^x- 

[ite, zitviiJI. ^farie], ntu\ titan itr). 

Tin- feminiaffiii^ian miurtittmill* I. Nietite, tieflihU-lnhv [«yrt«s*MU l , And 
tilivirak 

S* The fels^Ulue omPlilnetkLH • f.'l-|i;ir, iKjilieline, lnnii% iHr 1 Slue, fwHtiklite, 
Hint htu'iyilcjL 

4. Fret^ ^5! Em. 

Professor Ris^cnhuseh [Ksiuted out that nieiiihci> of the first group 
precede those of the oilier groups; that ingnuiil - and syeniie- the 
inenitn?rs of the second group premie t hope of the third: hut that in 
the dialyse* and guhtmw the order is inverted, and that in Imth 
silica k the hud. Tho general eoneliisiiui k reached that ** the order 
of consolidation of the si listen and* coti^cquently* their ervstnllo- 
grapiiLc development (idiomorpiikmh correspond* to a law of den eas¬ 
ing basicity; the tires and Accessory niiiseruK ;liv the earliest, and 
OUartH is the latest, product of the rock-forming jmnvss” 

TiiLs empirical taw e.\presses, in a brood ami gem k ml way* the main 
facte observed with regard to the srtpicnc<- .u minerals in the large 
and important group of intermediate rocks* Imt it breaks down when 
applied to the most at id and the most basic rocks; ipuu tK is often 
formed before febpftr in the former* and iron ores are not infrequently 
formed after felspar in the Inner. 

The views that we liokl regarding the laws which express the artier 
of consolidation in igneous magmas will necessarily be colored by our 
conceptions as to tin* nailin' of those magma.* 1 . A great advance in 
the evolution of ideas on tin* -subject i* marked by a short letter, 
written by Huiiscn I" .Strong, and published in the Jourtutl of the 
Uemian Geological Society for ISHJ. [n ibis letter ihutsen points nut 
that tbe arguments against the igneous origin of granite, so fara> they 
ro>t upon the so-called anomalous order of consolidation of the iniiicr- 
Itlr*. are baaed on a misconception of the nature of the process of con¬ 
solidation. 1 le says. 

■‘The temperature ut which u Mibstam* consolidates from a mate of 
fusiou is never lLiiu at which it ^epumtes from a solution in another 
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substance. The temperature sit which a definite substance crystallizes 
from it.- own liquid depends only on the substance and on the pressure 
to which it is subjected; w hernia the temperature at which the same 
substance separates from T(.^ solution in another substance dcjnuids 
principally on the relative proportions of the two .substances. No 
chemist will fail into the error of assuming 1 that a solution ceases to be 
a elution at 2(>o , Mm) , 40* 1 , .’SOO' 1 , or even when healed ton tempera- 
tune at which it lieenmes srirduiuiiunia; or will suppose that a crystal* 
line aggregate of ice and calcium chloride which has become Hurd is a 
solution, I nit i hat n mixture of quartz and felspar which Lias been fused 
is not.” 


He tiu'ii proceeds to pnlnt out that the laws which govern the solidi¬ 
fication of aqueous solutions must hold good also for igneous solutions; 
that by the addition of a certain amount of calcium chloride to water 
the teuijH'mturr may lie lowered to — to C. without the separation of 
any solid 'iihstnm-e: that hy the addition of further amounts the tem¬ 
perature of consolidation of water may In' lowered as touch as ,v,i and 

that of ..chloride 1 00 . Other sails, such us the sulphates nnd 

nimites of piUtssiimi. tuny la.. tn separate from aqueous solutions 

ul temperatures from dem m son lie low their f reciting points; more¬ 
over, the order of consolidation is determined hy the relative amounts 
of the I wo sultstiua-es present; thus water may he made tn consoltdufe 
he fore or after ti dissolved suit hy varying the concentration of the 
solution. 

J have given a somewhat full obstruct of this Important letter 

1 .wise I U-licve tlmt the expansion of the idea which li euutniiis will 

He tin- e ha met eristic feature of the next great advance in petrological 
science. an ailvam e which will come about, not so much by adding to 
otir already large store of farts as by dint of experiment controlled 
by the modern theory of solution, and tarried out for the express 
purpose of testing the consequences of that theory and discovering the 
TTK>ddilutions which may he necessary to adapt it to igneous magmas. 

Almost all recent writers on theoretical questions relating to I lie 
igneous rocks have accepted the solution theory, and the condition of 
formation of minerals has been discussed front this point of view. 
Crystals tend to form in a homogeneous liquid mass when the liquid 
becomes supersaturated with any definite compound, As soon as crys¬ 
tals are developed the liquid in their immediate neighborhood censes 
tiy in* au per® turn ted, and there is thus established at, osmotic for,* 
producingmoiecular flow from the supersaturated portion, toward the 

^rowing crystnK 

From a ronsidcration of the work of Feloime on glasses, combined 
wilh his own work on igneous rocks. Utgorio arrived at the conclusion 

that the ordinary rock forming com pi tend to separate out in the 

following order: Oxides, pure iron sthcates,.. and ferro-mug- 

u.simi stlieatas (olivineand rhombic pyroxenes!, rale magneMan sift- 
“tw trnonocHmc pyroxenes aad hornblende), hiIwUos of magnesium 
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wticl pofrraium or of iron and fMlnosiam (biotUe), calctnm ailicsite 
(jinorlliitc). jdliciitea "f toil in in uitd calcium (pbigioclasch sodiiEin sill- 

mb's (ncphidim 1 and nlbUc), mid lastly* pohissi silicate* (orflioi d*s$e) 

iu conjunction w it I i upmrtz* 

In hU imporimit work mi shiga* PiuftwHor Yogi lists dearly wtaih- 
llshcd tlifl influence of tin- rotative proportion* of the liases tnnu'h other 
siTiri to silica in determining the nutuiv nf the coiri{H>nmb. which sop- 
urate out. Thu* in slugs in which the ratio of buses to milieu rom-- 
apondsapproximately to that found in bisilicutes the ratio of O&OsMgG 
doterniiiKw the formation of such minerals a* cnstiitite, uugitp. und 
w m i >|last*»nite. WIle a tl 10 ratio of y t gG+FeO : l*aO is grenter thiin 
2.4r \:: enstntitv forms; when Lhc *umo ratio is less than 1.4 :1. sitigjtO 
separates out* and continues to do so until this nitio Itecumc^ less tbsin 
+ S5 : i- with a slid further diminution in the ratio of ituigmsiu ro lime* 
wollnstonite is formed. 

In sings having approximately the composition of monosilirates the 
mtin of MgO+MnO+FcO : tuO determiiii s the formation of olivine 
or meiilite. When the alnive ratio is greater than 1:1.1 tin stag* with 
about 20 Jier rent of alumina), olivine is formed; hut when it is less 
than 1:1,4% nmlilit* k is produced. 

Tim general conclusion arrived til te a rest]It of Ihe work of Vogt T 
ljigorio. and others Is that imss action and tin aHSmtirs of the hose* 
to each other and \o silk a am the two factors of primary importance 
in determining the molecular groupings so long us the pressure 
remains constant. The action of idnimim may he ftipcrmlly referred 

.oas illustrating the influence of tin.. liltimtics of the w-cullcd 

lm,-es. In the surtingof partners in accordance with tin- law of mass 
action this side umn\ when present in sufficient ipiantity, practically 
takes the whole of the alkalies arid jls much of the lime as is m-ci-^iry 
to iruike frhpntliuid molecules. So marked i- this act ion that 
M. Michel Ltfvy and M. Osann. in rtiku luting the results "f analyses, 
voinbine the whole* of the alumina with the alkalies, whi n the latter 
art* present in sufficient quantity, «nd associate any execs* of alumina 
with linn* in the form of fi-lspiLttioitl molecule*. It is only in those 
rocks that contain mi abnormal pemmtage of alkalies that mine nils 
like icgirtne anil riubeokite necur. 

This controlling influem e of alumina, which Ims also liren empba* 
sized by Professor Iddings, has the most fa r-rtamhinge fleet* in determ¬ 
ining petrographic*! I slack's. It is tt* if there were a kind of repulsion 
between ili,- fcrromagnwunn am) alinumo-nilknHiM i onstJttttonts. 1 >nrk 
rock- rich in tin* former, anti light rocks rich in the latter, represent 
the extreme forms of many intermediate types: ami Professor 
Brflgger has recently proposed that this should receive expression by 
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the application of the terms mehiEioor&tie nnd (etiiixniiic to these two 
st in nijf| v i ■( u< r niste* I v a r letif^ 

The refills already obtained kwe no doubt that a properly directed 
Aeries nf experiments will throw great light on the laws which control 
tile formation of miracrnls du ring the eonsoljfbtion of igneous rocks. 
Thu claaaic remiarchra of LYofi\ssor Font pie mid M. Michel Levy on 
the synthesis of such rocks as hisalt, andesite, md ui-phclimte by pure 
igneous fusion show that we *-mi eon trot the necessary physical con¬ 
ditions, and that the whole subject* so fair :il least ns these rocks are 
concerned, lies within the range of experiment 

The work of MoitHEewicz, to which I have directed attention in 
another plsc«% may be mentioned ns proving: tbit a rich harvest of 
results may U- ronfidcntly anticipated from experimental work in this 
direction* 

To return to the ipi&stkm of the order of consolidation of mineral 
iu igneous fih'L [ f the sohil ion theory be true, no Order based si del y 
on ii eorisMemtiOh uf the properties of the minerals run hold good iu 
all crises. In (lie case of iKjuroiumdutkiiisof two substances the order 
of -i [mnilion, m pointed out by Hniiseii* depends mi the relative pro- 
I tortious of these two subsUmer** 'This subject, m far us alloys* fused 
suits, nnd aqueous! eolations lire concerned, was investigated with grout 
skill by Professor *bithrie, the- irup>rhinea of whose work on nllms 
h;i> been brought into prominence of late by Llie tVscn robes of Rohcrls- 
Austen, Le (liardicr, Osmund, J. K- Stead, lleyecHfk and Neville, 
Alder W right t nnd others. 

It h too early yet to discuss the full tawing of Mils recent work on 
petrographkal questions, but it is itnpos^dila to examine the Ixautiful 
photographs which illustrate the ntrautu re of alloys such* for example, 
as those aerompinying the fifth report of the alloys research commit 
tee . 4 or those illustrating Stead's paper on iron and phosphorus.* or 
Hey cock and Nevilles paper on guld-aluminiiitM alloys/ without being 
struck by the n>seiublanre of many of these structure to thi*e nut 

with in rocks. 

Same y earn ago I directed attention to the possible application of 
Utithrte’a work cm cryobydrates anil eutectics to peirographiral ques- 
iions + and the experience since gnined has tended rather to confirm me 
in the views which I then expressed. Fused silts which do not net 
Chemically upon each other show, w hen mixed m eutectic proportions* 
u marked tendency to form opherutitle, and what u my lx- tilled micro- 
pegraaiitir, intcrgrowdis. It has since been proved licit the same ia 
true of alleys. Thank* to the kindlier of Mr, J. B, Stead, I am able 
to give twn figures, drawn from photographs, which illustrate this 
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filet. >11 id side by side with these are jiknl figures of inieropognintitie 
mill sphemlitjc structures copied from iVnfi'ssor lildinj.'S ^ memoir on 
llit* ruck* of Olialdian Cliff- (Kil—t.) 

In the . of the alloys the uphutulHJc Mructtww are clwmmteristio 
of mpiil nailing tmd (he mieropcgmatitic etrucinn* of slow cooling. 
The mode of occurrence uf the smile structures in riicks is .strictly in 
uci-ordnnce with thin view. A comparison of the structures In Llie 
two mscs iiink<‘s it almost irappKsibU) to lieHevc lliul tin* wwotublnuecs 




1 mm! 3 = BtkUdmtitftr rtifeil iolrro|MT{iiMtLlt' b WMfW*)n «ilwfctllan. t liSillti^, VIllli Ann, 

JUn, BL-'Ottl. Sun „ **!-«. pk i f ) , L , , , 

Pi liH j dii>l I - Similar unirtuiw In niiiftlc all'}?*; fft«n nrirti^hmugiipli* bjr itaiAi - p,lll l» [ i? 
*|4i i^ni I llu lb tlti! tnilrtlfc UIrnA Mid AtttlliiQa?:* 4 *SI Uwwmafitbi nnu mti- in mw»llii|lU 
fjtwill Ni |h-r tuni; jiftUmniij, 1"s |wr«rnl;4H*1 lUi," p-rrrtit.. 


arc merely accidental, and, if not, they i*>int to the conclusion that 
micropegmatite is mi eutectic compound. 

From this point of view it Ihjcoums of interest to determine the 
milling ]K>int of fused microprint ite. This wits kindly done for urn 
hv Professor duly by observations with (In 1 meldomcter. lie found 
thul fused micmiH^matiu* melted somewhat more readily than ortho- 
clase. hut less readily than fuBodi orthoclasc. These observations do 
not support the eutectic hypothesis, but they can scarcely be said to 

ur7i, L . of llib HpIuMuiilr raimiiwliBt ti3Uirii«*p1y drawn. 
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negative it, tin* of I In- ( > x|x > rimciit are certainly very 

different from those Under which tlx* rocks nro produced. 

tjnnrtz and orthorlasc licivi* not os yet been formed bv pure igneous 
fnsii.ii, TIk> melding (Kiinl :i( tittpixjikrir pn'smrc nf a mixture of 
quartz and orthodase is ulwvt* that of f insult, and yet we know froin 
the occurrence of angular fragment* of Ixixslt in giimophyre that tin* 
const il it loti tig point of the mixture under certain conditions of pressure 
in below that of the fusing point of Im.-all under the same conditions. 
If, ii- Professor Lm vv b isou-1 jessing** mlcukirinns suggest, the forma¬ 
tion of fcls]othic tninends is accompanied by tin increase in volume, 
and the formation of fciTo-inugnesinn mincmls hytitlromsdii volume, 
pressure will lower the fusing point of the. former nod raise that of 
the latter, so that under pin tonic conditions the relative order <if con¬ 
solidation of acid and luisic magma# may la* the reverse of that under 
volcanic conditions. Magmas usually contain water, ami sometimes 
other volatile const it t tents (such as chlorine, I Miron, fluorine, etc,), 
whose importance in dete ni lining the fluidity and the mol ecu Ear group¬ 
ing of tlie constituents has Ih*cii genendlx recognized since ihc publi¬ 
cation of thi* classic paper "Siir |es Emanations Voli-aniqiies ct Metal- 
liferes," by Flip dc Iteumiiont. ’When separated from llx* mtiemn 
these constituents exercise moat imjioitnut nu> tumor phoning and min- 
cmlmtig effects, a- i- well seen in tlje phenomena urcumpunx iug the 

formation of tinstone and apatite veins, in the develop . tit of zeolites, 

and in fin- production of large masses of kaolin. Hu I so long as thev 
remain in the magma they must he regarded as belonging to it and 
playing their part along with the other constituents in producing the 
final rCsiill. 

I’he application of tlx* ... of solutions to igneous ris ks is com- 

pEii-itted ill many ways. We are ignorant of the manner in which the 
constituents revealed by analysis arc distributed in the molten magma*, 
and of tin- changes which take place Sn the niolecutai groupings as the 
temperature approaches the point of saturation, M, Le (llmtelier 1ms 
recently suggested that granite furnishes an illustration of the phase 
rule, and may lie regarded as a stable system of thm* phases (quartz, 
feldspar. and mien), made up of the t hive components „jj ini. at iiminal 
und potaeh. Few petrographors will admit tlint the ease etm t* put 
0 * simply os this. No doubt the consolidation of igiirou* uiagtuas is 
governed by the phone rule, but in the majority of eases the number 

of components, on any view- as to their mil tire, is ion great ..ike 

the rule of much practical value. Aunt her nuisc of cmnplicut ton arSs 4 *s 
frrun the fact that the physical conditions have often changed during 
the process of consolidation, thus giving rise to tin* phenomena of 
resorption: and yet another from the all ure of assurance that the 
mineral* aeon in a rock have In all mss Exs>« developed from a magma 
liavitig tin* composition repreaeuted by lh>< fiulk aindv-ds 
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I rim not have thin (Kirtitm of the ijubjcut without tiling attention 
t ( , the recent work of Professor July on the melting points of the 

rock -forming mineral JhkpRmf of the enormous range of viscosity 

possessed by quartz and other minerals. 

Whatever view wc take an to tbr nature of silicate itmgtuiw, there 
run lie nodoulit ilint in general tbe prove* of cohsoUdetitni is a process 
uf dUTimiiittatiou. iViiuitc compounds separate out. either .-uioct-tf- 
si vrly or simultaneously. from a homogeneous msgnai.aiid ;it the time 
of their formation are in equilibrium with the surrounding liquid; 
Imt owing to diungos in tempera luns and pressure the equilibrium 

established at one period may he destroyed at i.ther, and the igneous 

link as we see it may not contain a record of nil the operation# which 
have taken place during tbe process of consolidatimi. S> far a- itidi- 
vidual rocks are concerned, we look to ex]mrimenl rather than to 
olsicrvatiou in give jm d'-ioti and definiteness to our ideas regarding 
tin- nature of (lie changes which iicranipuiiy solidification. 

i ll v. i mu ;in «»i 

[ lie geologist, however, has to deni not only with igneous rocks :e- 
individuals. Imt its groups, to consider their mutual relations, their 
geographical distribution, and mode of origin. But to give anything 
lite a full account of the growth of ideas on this subject would 
expand this midrib to an inordinate length, and would, moreover, be 
a work of supererogation, fur ilw whole question lias been admirably 
reviewed by Professor hidings ami Professor Iscwijisou-Ussiiig. 

The germs of all the theories » Inch am tmw struggling for .-visteni e 
can lie discovered in tbe writings of mi r predecessor*, ^ropc it*-- 1 *} 
laid liie view that lavas were formed from previously crystallized 
rocks, such as granite, midi maintained that in tin- possess .if eruption, 
or iutaniewi uce, as he termed it. a kind of dilh-rentialinu might take 
place, giving rise to trachyte and basalt, [Jarwui [ 1S44). in Ins impor¬ 
tant wo rk on Volcanic Islands, a bo discussed l ho origin of petrograpb- 

icai species, lie directed attend.. two«uiW»nf differentiation 

which may ultimately prove to la- of gnat importance (h the tnuvc- 
meutoi crystals in a magma under the inflte-itoe of gravity, mid (-J) 
the squeeritig or leaebiug out of the more fusible constituents from a 
partially consolidated or partially fused mass- Tbe lirsl of these he 
illustrated by tbe w ell-know n Pattinwwi process for desilverizing lead, 
and the second might lie illustrated lty another metallurgical process 
often known a* liquation (hut quite distinct from the process referred 
to bv i hi rochet under the same name), by means of which silver is 
separated from blister copper. The rapper b fused with a certain 
proportion of k-ad,nnd the bars are mu iti turned ul a temperature a hove 
the fusing point of the silver Lead alloy and Mow that of copper. The 
diver lead allov is thus leached out of the eopiHT, which remains a* a 
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solid porous mas*, Suck a reparation might l»e effected in the ctiae of 
[i jilutonic mils?', if a partially solidified magma wen; subjected to pres¬ 
sure under romUtions which admitted of the escape of the still liquid 
purl ion* into the -sit in min ling rocks, As a mutter of fact, it Inis ljeoii 
ko applied Jiv Mr. liiiitow, who thus explains the rcliitiuii lietivt'en 
pegmatite* uiul certain oligoclastvbtotito-giieisses in the southern Higb- 
luiids of .Scotland, Tin* eurite veins in granite arc generally supposed 
to owe their origin to n somewlmi similar action. Tint in this case the 
separation is due to the lcnehiug out of the still thjuid eutectic into 
eno’ks in the nearly consolidated mass, and not to orogcnetic move¬ 
ments. It is comparable. Uierefore, to the liquation process above 
Mentioned, 

Bunsen explained the varieties of igneous rock revealed hv his 
analyse* by assuming the indr-p-mlcnt existence of two magmas- I lie 
'■ nornml pyroranie" and " normal tnicliy lie" nml supposing a process 
of intermixture turn-count for tile intermediate varieties. Von Waller* 
«ba»*i n thought that igneous magmas were arranged in a series of 

™‘i<.fie dieik lu-coniing to specific gravity. Duiochisr, in Ids . el- 

c-bruted rs-jiy on i on i parallel- Petrology, niaintnmad "that, nil igneous 
rocks, modern ami ancient, were derived from two magmas which 
coexUt Iu*h.w tin- solid crust of the globe, and occupy there rath a 
definite jmsittom" His two magmas Iwnfe and m id-do not differ 
materially from those of Hunsen. and his idea id their arfcangmnent in 
the earth’s crust is practically the sunn ns that of Von Walters hausen. 
He compart-d ilie in,, ningtnttsto l>uths of fused metnls. which separate 
into distinct alloys on cooling. lie does not give actual illustration*, 
but we rimy consider one. in order to give precision to the idem A 
ml vt lire of 4d.d4 |H*r edit of bismuth and i5d.3fi per cent of zinc M .p u . 
lute* at a temperature between 7'Ui And suit C. into two alloys which 
urninge themselves according to Specific gravity. On roolimr n,.. 



cent; when it exceeds this amount, there is 


i« less i nt) u tiiKjut tu per 
tin longer iimr 4fiihirutino 
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The type nf magmatic differedtfaticm conceived by Itanjcher may 
be illustrated hy a very simple experiment* Place some phenol und 
water in a Florence ilosk; two i in miscible conjugate solution* will ha 
formed a solution of water in phenol at the bottom and a solution 
of phenol in water at the top* Now heat the mixture to fit* tV, ami a 
perfectly homogeneous solution will be jpoduved* On cooling, this 
will again break up into two* Clouds are first formed In the cooler 
portions of the liquid, and after the ctjalcscencc of the minute drop, 
gravity h able to effect si perfect sept ration of the two solutions. 

Do siiirate solutions ladtnve in the same way ! RSekstrtim ha* 
recently argued that they do: but until the fact has been definitely 
established l\v experiment, there will always remain a certain element 
of doubt. The sharp separation of basalt anil granophyre, which 
Is bo striking a filature of the HHtu* Icelandic province. suggests 
that the two magmas represented hy tlje.se rocks limy sopamte in the 
man her just described* But the great viscosity of fu*od grunophyre 
at atmosphevir pressure anil easily nm\ssible temperatures would 
probably prevent the attainment of any decisive ram It. 

Clarence King maintained that local lakes of fusion were formed 
by relief of pressure, and that differentiation took place partly by 
liquation in DunxhcCs sense, and partly by the rise or fait of crystals. 

The physico-chemical specula lions* which played so important a part 
in tbr science of rocks tin ring the middle of the century, were neglected 
fora time* in eoiisoij Lienee of the opening up of a new field of idiservu- 
Lion by the int reluct ion of the microscope: hut of laic years we have 
returned to these speculations with renewed vigor* and w ith n wealth 
of facts at our dbqto-at which the earlier theorists would have envied* 

The nunonUoglral composition and microscopic structure of all 
kinds of igneous rocks have lieou determined, reliable chemical 
analyses have been made, and the problem of the origin of ]ietro- 
gmpbunl species hm resolved Itself into the question of the evolution 
of the magmas. Especially noteworthy is the jftiinulu* given to the 
chemical side of petrology by the magnificent work of the United 
Statea Geological Survey. We have now some four or five new mid 
original dassifications of igneous rock* largely hwed on the analyses 
of Glarko. llillebrand* and their assistants* and the cry is, ^ Still they 
cornef 1 But the authors of these analyses have hitherto refmined— 
perhaps wisely—from attempting any general clarification of rocks 
from %\ chemical point of view. The number of constituents b so 
large that there is no reason, so far as I can see. why every jjetrug- 
rapher should not have hi# own classification and his own method of 
graphimI represcninlitm. 

The idea that petrographic*! species fmve originated hy differeiitiit 
tion from homogeneous magmas, and possibly in the first instance 
from senne one primordial magma, has Ivcen greatly developed during 
the last decade of the century, especially by American and Norwegian 
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petrogniplirts h Thus Professor Iddiiigs* in t K«- introduction to his 
important memoir on the Origin nf Igneous [Jocks* sava; 

■ 1 The object of the present imper is to give the writer mucous for 
concluding that nl] 4 ^ thi* volcanic liil^I othrr igneous roek^ of any 
region are ho intimately connected together by minei'a logical and 
chemical relation* that they must have originated from some single 
m*tg£ftu whose composition may he different in different l egions; and* 
furtbeiv that ii in the chcmind differentiation of this primary inugma 
which bus given rise to the various kinds of igneous rucks* " 

The fuel that the diverse igneous rocks of certain districts are often 
I Hin nd together by common mine nil iigicul and chennuiS characters 
which dktingiikh them from the corresponding rock* of certain cither 

district* was clearly ..guid'd hv ProfenMir JluUI in hie wdbkmjwn 

paper on the Volcano of Cbenmitz. and suiter | neatly crystallized by 
him in the happy expression petrogniphk-nl province* us applied to 
nny district in which the igneous rocks have certain common elmntc- 
teristies. The idea lias thien still further extended mid eliiT hi rated by 
Professor lddings, w ho sees in the common chameteduties the indica¬ 
tions of h kiml of IiIckhH relationship or consanguinity* which can only 
lie explained on the assnmptLon tlmt tlie different s|H‘eic,s of one and 
the same province have originated by differentiation from a single 
h rumigeittH HI s i i mgr i hi„ 

Professor Brflggviv in Ids remarkable series of studies on the r<icks 
of the Idmsthmin d istriot, Ikls still further generalised this idea, and 
much of hi'work Is directed toward the evolution of u genealogical 
tree, in which Llin- twigs shall correspond to the Lunil products of dif¬ 
ferent iat ion* the larger brunches to .some of the pi u tonic masses* ami 
the trunk to Eln- primordial Immogeneou* magma* The idea i> n fas¬ 
t-mating one: -e non e vero, c lx-n Ernvnto. lint it tnii-sE In? admitted 
that we know very tittle ahait the causes of the assumed differentia 
lion. These arc supposed to he of two types; ft) those which affect 
the liquid magmas, and those conncct^l with the separation of the 
mine mis. Magmatic differentiation is generally regarded as the most 
important* hut ii is the type of which wc know least Herat's priori-* 
pie, to which I have appeal*^ will, I fear* help ns very little, though 
it is undoubtedly a vein causa. Mr* darker has clearly shown that, 
as applied to a tun-- like the C'nnink-Fell gubbro, it breaks down 
hopelessly when subjected to a quantitative test. The principle of 
(joiiv and Ghipemn is evi-n more unsatisfactory* Ihmirhers liqua¬ 
tion theory k, perha|*, more promising, hut until it lias b&w proved 
hy actiml experiment that there k a real analogy between Imtha of 
fused metal* and silicatc-ningtium* it can not lw said to rest upon an 
assured Inask KanukyV researches on h iul glass certainly suggest 
tlmt gravity may act differentially on the constituents of ^ilicato- 
mugmas* independently of \ he principle of«Sony and (Taperon. Thus 
he found that glass taken from the tup of pots\iot more than ft inches 
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deep might Imve ii density of 3.2K while that from Ihe bottom might 
have a density of 8.3b; but there is some doubt as to whether the 
roust it limits wore ever uniformly mixed in the turd ton state, and if 
not. whether sufficient time was allowed for diffusion to establish 
homogeneity. It is < ertnin. however, that they were uniformly mixed 
in tin - solid state, end the experiments are therefore of great interest; 
for, if thev do not prove differentiation in a molten mass they prove 
tlint a uniform solid muss may become differentiated in it lit pieties by 
a kind of )Ujnation proves* analogous to that which takes place In tho 
extraction of silver from ropjjer. 

Professor hidings lias cure fully considered the diomiaU txuu posi¬ 
tion* of groups of rocks tielonging to several different jietrugruphkul 
provinces from the point of view of the differentiation hypothesis, 
and has arrived nt the cornel union that "tin - simple oxide mo Wilks 
shift about independently of one another to iv great extent." If this 
conclusion la - correct, it is clear that (he phenomena van not lie 
explained by the hypothesis of a differentiation solely connected with 
the formation of known mine nits, ltut this view does ant ilp|K-iir to 
lie accepted by Professor HvtJggcr, who believe* “that Ibe prere** of 
differentiation must be referred to magmatic diffusion of definite 
chemical compounds to and from the cooling surface; further, tlint 
these diffusion phenomena in all probability stand in direct rotation 
to the order of cry* tAllfea lion of mineral* in the corresponding magma, 
Hial. lastly, that the order of crystallization, tin- nature of the dif¬ 
ferentiation, and the sapience of eruptions are all closely related 
phenomena. *’ 

Differentiation dependent upon crystallization rest* on a somew hat 
firmer kud>. and it wn< this kind of differentiation flint tir.-t uMnn -J. d 
in v attention. Mr. t lough, while mapping the Cheviot district, proved 
tlml. the widespread series of andesitir lav as is cut by a im tuber of 
■ innrU-folsite dikes. Why did quaHz-felsito succeed andesite in the 
Cheviot district i Thi* was the question which kept eoutimmlly recur- 

ring ... during my examination of the rocks of the district. Sow, 

a microscopic exam i nation of tho andesites proved that the plienoerysl* 
taken together must have the composition of a basic rock, for they 
were, composed of l&bradorite, augite, and hyperatbenc, and therefore 
i lie glassy present in some of Hie andesites must Is - allied to 
HiiaiLK -feist te in composition. The sequence established by Mr. t 1 1 nigh 

rum Id therefore be explained by the ..iption that the quartz-felsito 

magma. represented the mot her liquur of the andesitic tiingimi, after 
the pheiuH-iysts laid separated out. Thus, if orystaUtartwn had pro¬ 
gressed in the platonic mas* to the stage represented by the pheno- 
eryst* of the Invn, ov a little further, and the mother liquor had then 
been squeezed out as one squeezes water out of a sjionge, or separated 
in any other way, and forced upward Into elinks in the overlying 
serie* of andesitic lava flow s, the question above referred to could lie 
S>1 ltK>2-Silt 
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i&tififhctorily answered, I was fortunately able to test I lie theory 
ijrtonUtativcJy* for Mr, Waller had already analyzed one of the ijuarty^ 
fe bites, and l>r. iVlcrsen hud published analyses of the glassy Wse of 
one of thr andesites and of the de vitrified Imse of another, On com- 
paring the mean of t hi* two analyses of the base with the analysts of the 
quarts!® Isitv, St was found that of the eight eons Miner it* six differed 
by less than per rent, si lieu differed by 2.2, and &odu by l,44* fl 
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UUtenshtiation dependent oil crystallization is a fiu-t which tain not 
be denied; for the igneous magma, except when it cools a^ a glass, 
scpttrutes hiti !■ distinct minerals which do not. 3ts 3t rule, consolidate 
shmilUmentisly. lint the acceptance of this fact does not involve the 
acceptance of the di tTeren tint ion theory of the origin of petmgniphienl 
species, for, as M. Michel la'vy points out, Lhe crystallization of it 
magma under ordinary circumstance* does not commence until it hm 
reached a pisiy state* MM. Fomjutf ami Levy olg&rvad no tendency to 
differentiation, of the kind n^quired to produce petrograpliiad >1 nicies, 
in their celebrated synthetical expt-rnm'ntei The centers of crystal] i 
aif ion wen 1 uni form!y distributed throughout the masse*, which were 
too riftMWK to allow 1 uf nny appreciable movement of l he first-formed 
mineral*, Nevertheless, the facts ufiwervcd by 1 tarw in am] others 
dearly prove I bat hi large tuassarof lava, even itl the surface of the 
earth, movement of crystal-, is pe^ihle in igneous znaguizL*. and M. 
Michel Levy himself admits that such movement may become an 
important factor under certain ci remittances 

Mr. Narkei has suggested another miy in which crystallization may 
operate sn as t» produce variation in a mass of rock. lie has show n 
dial (he t arna k Fell gubhro varies in compositinn from the eeutet to 
lhe sides, and that, as so fttajuentlv happens in eruptive mnxse*« the 
latter arc more basic thiin the former, lh< uouaiders “that the differ¬ 
entiation took place by diffusion in 31 lluid magma, but not as » pif K ess 
dtstturi from and ijiute anterior to cryshdlizatmii. It was, H s I Mieve, 
effected in 11 qtm^ saturated magma, ..urmntly w ith the etystallmi- 

s Ah ttLc weft- imt \*Uu el Fir| t * by *ui»- m the origttiil puj^r i I rout: S\m r, ib @5 

p. KMl k I mt giuce tiieni uaw. 
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turn of tins nirlbr-formed miiuuiUs; * 1 1 ibr characteristic of 

all [^m f li w'currofu-w] h that the several constituents am roneoiLmted 
in h definite order* which is idimiical with the order in which they 
oiystallize out from the magma** 

All theories which depend oh diffusion or molecular flow I live tieen 
criticized by Mr. Becker on the ground that the ntte iff diffuahni is 
tow slow to produce the remits attributed to it in any reasonable time, 
lie shown that* in the case of a column of water resting upon a layer 
of copper sulphate, the hipsc of 1,0 QO t OiN) years would l*v required to 
produce sensible discoloration at a height of 5150 meters* or s*miisat- 
umtioii at a height of tf-l meters; and lie considers that the mulecnkr 
How of any compound in a silicate magma would pmtalily lie at least 
fjftv limes less rapid t so that a mass of lava I cuhic kilometer In vol¬ 
ume '"would not have had time to segregate into distinctly different 

rocks by molecular flow if it had been kept melted since ..lose of 

the Arbhanm period.” I am hy no means averse to makinglieavt drafts 
Oil the I jamb of time for geological purposes. Init unless some offer I ive 
answer to Mi\ Beckers argument-- can he fouuit 1 think that nr >1m]l 
have To give up unaided molecular ffowiisuii mip.rtruU factor in the 
origin of paragraph too! specie*- 

Mr. Becker ba> not* however, sUuplj confined himseh' tu destructive 
criticism. He has proposed n theory of diflcrentlaition dependent cm 
"fnicliniud crystal I iaa I inn/* During the cooling of a mass of molten 
matter in a dike or laecoli U\ eon wet ion currents will lie established* 
These will act as stirrers, and, aided liy diffusion* will tern! rapidly to 
n 'U »re lion logota si t y i n 1 he \u[ n id mass a ft< v r it has I h v s i l les i roy ed I *y 
the depiction of the first ffornnd crystals on the walls of the cooling 
surfaces tie compares a I aerolite* in which the marginal parts art* 
different from the center* to a barrel of eider which has been frozen 
from the outside* ] hiring the earlier stages nearly pure it s is funned 
on the walls, while the tilcuhol concentrated in the central portion; 
from this a liquor, gradually increasing in strength* may Ik- drawn off 
as ftHiHolidution progresses. Here we see n further development of 
the idea originaied h\ Darwin. 

All forms of the differentiatiou theory take lls their starting point a 
homogeneous magma, ami then prm red to derive from It The different 
varieties of igneous rucks m vv now j§co them hy magmatic or some 
other form of diffomiiinliom Are we justified in taking this view ? 
As applied certain districts, and especially t-« the Christiania tils- 
I net which Professor BriVgger Ims dime so much to duehlnto* it bus 
proved of great value. Blit if we look id tin* genem) question, there 
lire many facts which should give us pause. The etntli> crust is cer¬ 
tainly hclcrugeceous, ami if magmas are* in any rase, formed hy the 
icfusion of solid rucks, it is probable* m Mr- IWk. r has pointed out. 
that Stull magmas would In* heterogeneous at the start. hv-un the 
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re fusion of homogeneous rock* may give rise to n heterogeneous 
magma, parable to that produced by Fafrtday in his experiments 
nti glass, The cati&e of some of the variation?* in igneous rocks is 
therefore probably to be sought for In nctiuti* which antedate the 
formation of the m&gnias. But even homogeneous magmas may 
Ihm-i'Ehc modified by the adsorption or assimilation ■rf the rocks 
through which they pass. This point hits been clearly ivdabikhod nml 
especially emphasized by M. .Michel Levy s Professor Bfuruls, and 
Professor Lacroix in France, and by I >r. Jobns ion J^ivis, Professor 
Solhks, Professor t -nlc* and Mr. thicker in tin s country. 

That it is a vera causa is admitted on nil Irnnds, but differences of 
opinion exist a* to the extent to which it should be applied in explain¬ 
ing the origin of pctragraphical species. 

If wc *1 itch Lgm ^us r«a-ks which have appeared at the surfiiee as 
lavti.% or have linen intruded aE moderate depth* as dykes, -dlls, 
laceotitCS-, or bosses, lire evidence of absorption is, in my judgment, 
fitv slight as Eo he pmctimlly negligible; hut if we pass from such 
regions to other* In which pJutomc rocks an- found in relation with 
eiyMalliiie schist* and study ” les apparel Is gramtiqiies ii mcines 
profoude* of M, Michii Levy, the case is different. It may L- that 
tlic lirml *0lutjon of the problem of the origin of igneous mugiinis will 
In- found in I lies* ■ regions; but here we touch u question which belong* 
to the future rather than to 1 hi- past, and lie^, therefore, beyond the 
scope of this address. Sn far as I am concerned, I will confess tlmt 
iny idea* are not tixed. At present 1 am not diapoaed to attach much 
importance to theories involving dilTerimtiurirm in *dtu by unaided 
molecular flow tn dikes and lacculites; hut mtber to attribute mjcIi 

variation a* doe> (Hvur to. successive eruptions* or ... 

change in the nuture of the material during the proeeaa of intrusion H 
The great-dillieiilty 111 applying any theory that involve- differentin- 
lion in situ to sudi cases arises from the slight effecl of the igneous 
magmas mi the containing walls—a fact which negatives the idea that 
the material arrived at the place where we now lirni it in 14 condition 
of superfu^ion t or that it remained fluid long enough to enable any 
considerable dillusion to take place. 

Onr ideas els to the origin of igticou* rocks are still "™ pl.dne 
fvohxtUm” Condition.^ are rapidly changing in miraequenrc id dis- 
, overies in geology altd physical chemistry. Rival theories are >tnig- 
gling for cxiMemv. and although it is safe to predict that some will 
become extinct. Hut others will If modified. And that selection 

w ill finally bring atiout the survival of the it is impossible to 

determine at present the relative importance of thme which claim 
01 if attention. 

Tfi« origin of poimgrapMi*] *> fur .1* the igmixu rocks 

j t n* roiioerned, w u proM«m tin* ti.ml solution of which W Wn 
tiHiiclrd on by the nineteenth century t«» itsHiccesaor. 


I'KKUMINARY REPOST ON THE RECENT ERUPTION OF 
THE SOUFRlfeBE IN ST. VINCENT. ANP OF A VISIT TO 
MONT I'ELEK. IN MARTINIQUE 


Hv Trsutwt Asukusiis, M, D., 1L St*., K O. S,, and *foiis S. Ilett, 
M. A., P, So,. F. CL B b 


I Pi . Tcni}s’>t Atiilemm mid Pr. John S. Fhtt. who rmeived :i win " 
mkaion from ih- Royal Society to investigate the recent v-.himic 
eruptions in the Wist Indies, more espeutelh in St. Vincent, submit 
the following preliminary report: 1 

We arrived nt Kathode- on .Tune S {haring left London on May :&). 
nnd t hr net' proceeded to St. Yin. rut. where nearly four weeks were 
■spent, mostly lit t'Uatenutielair mid deorgetowri. in the vicinity of the 
Soufrirn'. On June Pr. Tempest Anderson went to Lroiiada to 
examine the lagoon nt St. George's. ivturning some days Inter. Pr. 
FIvU renimning at St. Vincent to complete hu investigations. 

On July 'I we urrived ul Martinique, mid on til" l^th left that island 
for Dominica, where we remained until .Inly iT. when we returned to 
Kai l wins, In nil sis weeks were spent in the W.-wt I relics. 

in the Windward Islands, in tin- month of July tins middle of the 
rain v season- the wm k of n geological expedit ion is necessarily at tended 
with muni diHirultlcH, hut these were greatly mitigated by tin- kind- 
ness render I’d hv nil with whom we came in ran tael, To Sir Rola i rt 
Llewelyn. K. C M, CL, the governor of the Windward Islands, mid to 
the administrators of St. Vincent, St. Liu in. and Dominica, mid other 
official* connected with the colonial office, we are especially indebted 
for in format ion, advice, and usisistaiujc. Dr. Moms, l . M. Ik. of the 
imperial department of agriculture for the \\ e.t Indies, and the 
members of this department in the various island*received us with the 
greatest kindness and gave us in valuable help t hrongbout- The many 
planters and overseers of estates, medical men, and merchants to whom 
ive 11 mi le application for information or for assistance received as with 
that courtesy and hospitality which are c haracteristic of the colony, and 

" Kiq.riiitcl, Iiv isriniskma, after nvmim hy Ihi- mhvte, horn t’mraodlnfjs .it the 
Huy ul Smtety, In its ion, Vul. LXX, K«. MS, AuitustH»W. 
fc iHurt!niiii'intil by tbe necnitJH'i(*ot Uie Koyat Smaety. Umvivnl Aiijrns! II, leo*-- 
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(1i<l every tiling in their power iu forward our work in every way. In 
Martinique tin*governor of the island gave ns every facility for con¬ 
ducting our scientific investigations, fn I lii^ brief preliminary rejujrt 
it is i.miHW'iblo for net to mention by name even a small projxjrtitni of 
thfwe who, often at eomdde ruble inconvenience to themselves, lightened 
our labors by their kind provision nnri forethought. hi every place 
wo visited we found friends who-were willing to direct, assist, and 
accompany ns; mid without their help it would often have hn-ii impos¬ 
sible for ii- to make satisfactory unungeTimiits or tn accomplish our 
work. In this way wbat might have boon a very arduous undertaking 
was great I t lightened, and we wish in place on record nur deep 
indebtedness to our many kind fide rids In the Windward arid Leeward 
i.-lands. 


Tin' island of <i. Vincent is of oval form, is mites fry II miles, the 
longer diameter Wing nearly north and south. A mountain chain 
stretches along the main axis of the island and readies (mi height of 
g.onn to 4..IIIIU feet, the highest joint being just ovet 4,oi«l, It is 
entirely coiuiNised of volt unit- materials, the bed - of lava and intT dip¬ 
ping away in all directions from the central iiiil-s toward the sinu In 
the -outhern part itf the island volettniv art ion has long I asm extinct 
or dormant. hut at the northern end stands the still aetlve thmfrifcro, 
a striking volcanic eotm 4,u4s feet in height, with a crater nearly cir¬ 
cular in form and nWiul i mile in diameter. Along (lie leeward side 
of the is hind very fine sections are exposed, mid these show it to inn- 
sistof volcanic rocks, of which by far the commonest is a coarse ande¬ 
sitic agglomerate or lutT. though there are many lava streams which 
limy be traced as vertical ditTs along the valley sides, alternating with. 
I III- gentler slope-d He l> the thick bed-nf a-h. The seeuerv is hold 
and picturesque, flm heavy imjiicrd mins acting on stoop s1o]h - liaiin" 1 
eib-f-teil rapid mid intense erosion. As a consequence. deep vullevs 
radiate out from the centre) ridge, separated by high, narrow spurs 
running down to the sea. On the w indward ride. Mow the level of 
'pm feci 11 hove the s«r, there are considerable st retches of flat or gently 
sloping ground on w hich stand many of the most important arrowroot 
mid sugar states. Hie Jiist glance at these lower grounds sitllices to 
show that they are very distinct in configuration from the higlib on sled 
und deeply -eulphired uplands, mill further investigation "reveals the 

presence of.re or less well-marked beadles or terraces—a . .. 

nM sen Mu Iu s or rock platforms partly obliterated hv -ubnerial ero¬ 
sions and in some places covered with debris, On Imth rides the -iih- 
marirn- slopes an steep, but most so on the Iwwiml <<mt, as 0.1 the 
.nisi or windward side there is a considerable expanse of shallow water 
m which a submerged terrace at n depth of W feet mo he traced hv 
tm^iiis of soundings, as indicated on the charts. There are no raioed 
coral beaches here, as in some of the other islands, and the latest move¬ 
ments of the land have prehabiy been in a downward direction 
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Tbu iymfrifro Mountain forms I Im- northern extremity <*f_ the 
ist-nnl. and its general form at Mice Wggesta n comparison with \ esu- 
viuss* It is u simple none without lateral nr jaMtsttif fnitor*. I he 
utH . A t it*, summit is surrounded on the north sidv by llm muni ns of 
» gigantic crater ring. which has the same relation to the 

crater as Soli.. Ns to Vesuvius* On the northeast tip of the main 

cmler then* is «i smaller one known as the New tiraW-v.iis it is believed 
to have originated in the eruption of 1*12. It is only one-third of a 
mite in diameter. It is doubtful whether the New Crater was active 
during the lute eruption, and there can Is* no doubt that it was from 
the principal or "Old Crater," that the material* mostly wwn emitted. 
Deep valleys, often w ith preoipkom* sides, have been nil in the slopes 

yf .ton n tu in, os tied ally on its southern side, and it is in these 

mid particularly in the Wallibn, Itracuu, and Rabaca Dry liiver- that 
printer purl -if die ejecta of the recent eruption have collected. 

The eruption of May. |!I02, though sudden in d„ outburst and dis¬ 
astrous in its effects, was far from unexpected. Ill die north of St. 
Vincent there were two settlements of the ultoriginnl Carflw. and 

these had been so startled by the frequent violei.irthquakos, that 

in February of lust year they were considering the advisability of 
deserting the district" Hut the first signs of actual volcanic activity 
were on Tuesday, May tl, Tlso inhabitants of the leeward side were 
fortunate in having a clear view of the cm ter. and, warned by the 
outbursts of steam, they fled to Cbatoaubelair and other places along 
the coast line to the south, -o that few lives were lost in this quarter. 
Hut. on the windward side, the summit of the mountain, ns i- fro 
quant I v the ease, was wrnpi>rd in eland. Here, at the base of the 

.. there is tin extensive stretch of tint land, known as the 

farib country, on which were situated some of the largest and richest 
states in the island, with a i tense imputation mostly black »r mlored. 
Sii little alarm mi> felt here that even on the morning of Wednesday, 
May *, when the leeward side was practically Averted, sugar making 
wire in pragmas on several ©states. and all the ope rations of tropical 
agriculture were being oonducted tre usual. From Kingstown tele¬ 
phonic message* were sent to Georgetown, which >» not far frmn t lire 
Lseof tin* hill, stating that the S,»iifrien* wire in eruption. but they 
n pin'll r to have occasioned little anxiety, And when, nbout midday 
oil Wednesday, the danger was too obvious to In* overlooked, the 
ttalnim Dry River, and some of the streams on the windward side, 
usually dry except after nuns, were running tabling hot, and could 
not be crossed, Mativ fugitives in this way found their ©scape cut off, 
ItwiLs here that the loss of life wire greatest, which, though many 
escaped. if estimated to have amounted to 2 JHm. including a tarot u 
d„jtcu white men the overseer* of tin* plantations. The exact num¬ 
ber will never be known, as many were eutomiied in the trebes whew 
thev fell. 
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\1xnd midday mi Tuesday (lie first signs of the eruption were 
observi-d by those dwelling on tin* southwestern side of the mountain. 
At idu th:il iifh-riiiniii there fl'a- a nniddcniMc explosion, nud h large 
cloud nf strain ascended into tin- air. Bv f> o'clock n red gLuie was 
visible in liii‘ ^li’iun cloud oh lIn* summit. Activity continued during 
the i>vi'tiiii«. ami at midnight there was u ureal outburst and red 
flames were noticed on the lip of I tie emtor. Next morning from 
t ’hatenitlK-lair a splendid view could fa* ohiuitird of gigantic mushroom- 
shaped clouds rising to u great height in the air estimated jit Hlk.DUO 
feet - and drifting awat iKifort the northeast trade wind. As the day 
advanced tin 1 eruption increased in violence: by ln.yo a. in. enormous 
clouds of vapor were being emitted with loud indues, accompanied by 
uiin'll lightning. It is remarkable licit at tliiit time the inhabitants nf 
(In' windward side were still in doubt aland the reality of the erup¬ 
tion. i-ii'Lcc rimy mistook the dark cloud covering the mountain for a 
thunder cloud. Tim mountain was now in u slate of voutimiou- 
activity, aud from Chateaubekir it could be seen that the materials 
wore mostly discharged from tlic old or priimipi! crater. Vast clouds 
of steam, showers of dark mutter (probably mud), and of stones, could 
be seen projected from it, partly on the leeward, but mostly on the 
windward aide. At midday the slopes of the mountain were still given 
and the rich mantle of tropical vegetation had not yet been destroyed. 
A thin layer of tine ash luid fallen over the lower ground, only -u Hi - 
cicni to give the leaves « grayish color. The enormous columns of 
vapor continued to ascend from the crater, with frequent violent out¬ 
bursts. projecting -howera of stones ami mud. 

About thin time it was noticed tlmt steam wa- rising from some of 
(lie valleys on tins south side of the hill, uiul this increased till at 19.50 
the w hole mountain was suddenly enveloped in a dense cloud of vapor. 
Just before this the rivers Walitbu and Bata* had U-en seen rushing 
down iu raging floods of 1 wiling w ater, h is most probable that thc-T- 
phenomena were duo to the escape of the crater lake, which was driven 
over the lower or south lip of Ole crater between 11 o’clock and 1 

o'clock on tlm Wednesday afternoon, and poured down the valleys to 

the son. So far as wo know there were no inmj lavas, in the ordinary 
sense, flowing down these valleys, but only n tremendous rush of both 
Ing water, which left tup traces which wo could recognize wlmu we 
visited \ht- district. 

By l o’clock the roaring of the volcano was tremendous. Showers 
of stones were living projected lioth to w indward and to leeward. The 
enormous columns of steam continued tu ascend from the crater The 
lightnings were terrific, and after the huge outbursts which took place 
every few minutes volumes of v*|mr might lie seen covering the 
whole area. Hitherto the eruption hud been of a type with which 
gis,legists are familiar, and the destruction done was eon lined to the 
fri^uer i*ui’ts of thi b ninuii^iin in the close vieiiiliy of the crater. 
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Kut akuU 2 o'clock— to quote tin* word*of un eyewitness (Mr. S'. 

M. Mi l humid, of ..ml Yuli- Kstate) L ‘ there was * r.Ming and 

ii Surge Mack outburst with showers of iitooe*. all t« w had ward. und 
i“iiorunrtislv increased activity over the whole urea. A terrific, huge 
reddish and purplish curtain advanced to und over Richmond Estate. 
This wan the strange black cloud which, laden with hot dust, -wept 
with terrific volwity down tlm mountain aide, burying the country in 
hot sand. suffocating and burning nil living creatures m it- path. mid 
devouring the rich vegetation of the hilt with one burning blast. 

On the leeward coast few wore overtaken by the Murk, cloud, us the 
inhabitants hud fled und taken refuge in the village* south of < 'huteuu- 
belair. Those who were caught were killed or tally burned, t hie 
hunt was near Hkhmoftd ut the time the blast swept down. They 
iWriliethc heat A- fearful. Hot soul mined into the l«at uml the 
64* round WAS hissing with it- heat. The dnikm s- was >o complete 
that a nun. could not see ho hand. They saved their lives by diving 
info the water; when they telurned to the surface tin- air was suffo¬ 
cating. blit Kiev continued to dive Lignin and nguin,and. wlieh at their 
hwi gasp, they found that the air cleared and they could breathe 
lignin. This occupied only a few minutes probably much less in 
reality tlum it appeared to them. One man was too exhausted to con¬ 
tinue diving; he clung to the gunwale of the bout, and the tops uf his 
ears were severely -run-bed. 

It nmy Ih worth while to 41 . the descriptions of a few spectator* 

whu saw this cloud from a safe distance, l>r. Christian Branch, of 


Kingstown* writes; 

-We saw' a solid black wtdl of -moke falling into the sea about "1 
or 3 miles frutU us. It looked like it prom onion'of solid land, hut 
it roll-l und tumbled and spread itself out until in .1 little turn H 
extended iiuite > miles over the sen to the west. . 111 

began the most gorgeous display of lightning onocouM conceive. 
• r i > It was still bright daylight, hut the whole atmosphere 
quivered and thundered with wavy lines intersecting one another like 
trclliswork- We were encircled in n ring of fiery bayonets. 


Another eyewitness (the ltov. Mr. Harrell, of Kingstown), who 
was in the same knit with l>r. Branch, describes it as follows: 


■ We were rapidly proceeding to our point of observation when we 
saw un immense cloud dark, dense, and apparently thick with vol 
cniiic material descending over our pith way, imped, ug jjjrpr««® 
1 Lml warning us to proceed no farther, lhis gigantic bank of sul¬ 
phurous vapor and smoke assumed at one time the shape uf u gipm w 
proiiiontorv, then as a collection of lw»ting. revolving cloud whirl*, 
I in ning with rapid velocity now assuming the dmpe of g.gu.itm 
muliflow era, then effloracing into beautiful Howe T"; m.. 

some effulgent, SOtue bronze. Others pearly white, and -ill 1 itiI1l.ui l> 

illumined bv electric flashes.’' 
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On tin-windward side of the island an uninterrupted view of the 
progress of tbn eruption amid not be obtained, owing to the veil of 
cloud which obscured the Mimmit. By midday on Wednesday even 
the most skeptical were convinced that the Soufriere was hi eruption, 
and that I be noises heard cotitiniKnisly wore not due toft . .dur¬ 

st* >rnu Before midday there hud been very heavy inin showers* mid 
it wns noticed Unit the raindrop rtirritu) down tine particles of nslu 
Work ceased on the pi nutations* and those laborers who ntUl remained 
endeavored to escape to Georgetown nr shin! tlumiselves. up in their 
houses. B y i o'clock tine ashes* with ocotsiouaJ laiger stones.. were 
fulling steadily, but* us yet, little damage hud been done* aiul no one 
hud been injured. Then came the climax of the eruption, and those 
wini were in the ujien air saw a dense black cloud rolling wa t Li terrific 
velocity down the mountain. They iwk refuge in their bouses imd 
in tin" plantation works, where they crowded together in such miin- 
litrs that in one small mom 87 were killed. Tlie cloud was seen t <p 
roll down upon the sea* and was dese rilied to uh tis [lushing with light¬ 
ning., especially when it touched the wilier* All state I hat \i was 
intensely hot. smelt strongly of sulphur* and was sutfoeating. They 
felt as if something was c<an|messing their throats, and ns i i ihciv 
was no air to breathe. There was no tire in the ordinary sense of 
the word, only the air was itself intensely hot and was charged with 
hot dual. The suffocating cloud only lasted u few minutes. Those 
who survived this ordeal mostly escaped, though many died within a 
few hours from shock, or from tin- severity of their injuries. In 
some eased ei few survived* entirely or almost entirely uninjured* 
in a room in which many others dual. Most uf those who escaped 
\ml shut themselves up in the rum cellars or in substantial!v built 
houses, and bad firmly closed all doors and window's. By the time 
e hi- hot blast had reached the rua>t the sand it {■unturned was no longer 
inainih^viit* and though still at a very high temperature h did not 
set fire to w-f Kid or burn the clothes of those expused to it . The burns 
mi the survivors were chiefly on (he miter aspect of tbo amis and legs* 
and on the faces, and con lined to parts not profited by their dollies. 

t nmpletc darkness now covered tile whole north end of St. Yin- 
tent u darkness more intense than any that the inhabitants | S3l d ever 
before experienced The fugitives had to creep along ill-- roads or 
feel their way along the* roadsides* The roaring of the mountain was 
terrible a long, drawn nut, continuous sound resembling the roar of 
a gigantic animal in great pin. Fine ash ami *and mined down over 
the whole country, with occasional showers of large stones* Some of 
these were so hot M to set lire to the *Hmsb r roofs of hilts in Elm 
south end of < rcHttrgctown. nt n distance of 7 miles from the crater* In 
Kingstown, 12 miles from the Soufi iero, the ash whs at first moist, 
but afterwards dry* Jt had a strong sulphurous smell, and puttered 
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on the roofs like u hum y shitwer of I ropival rain. Around the voteftn© 

Hie earth djook mill trembled continuously. and ..tion was 

described to ns ns undulating rather Hum resembling the sharp shock 

»f . art bquuke. (July i . . l wo wore the walls of bousi* 

injured. What was taking place on the hi .tit of tin- mountain no 

our nin toll, hut all who pass'd that night in the vicinity of the Sou- 
frif-n- agree that then* was one black suffocating cloud. «nd only otic, 
In all probability the eruption had reassumed the ordinary’ phase, and 
the showers of ash and stones were produced by violent upward cxplo*- 
dona of steam. Bv half part :> o’clock the ash was fulling in Karlm- 
doa, ion miles to the eastward, whither it had been carried by llie 
upper currents of air in u direction opposite to that of the trail* winds. 
In Sl. Vimrnt thedarkness lessened slightly Ifefotv nightfall, hut the 
rain of dust and riic poises lasted till early ill the ensuing juf ruing. 

When liny broke it was seen that in St. Vincent, mid even in Barba¬ 
dos everything was covered with line gray ash. resembling a full of 
snow'. The diisi Imd penetrated into the Interior of the houses, where 
it lay in ft thin filtn on Walls and furniture. In Kingstown there were 
stones as large ;o ft henb egg: in (ioorgetowu and Chateau I ad nil' some 
hud fallen as much us 1 bud in diameter. I-ittle danmge. however, 
appears to have been done to growing crop-, except in the north end 
of I lie island. In fact, many believe that the sulphurous ash bid 
insecticidal properties, and Iwnctited the vegetation. From Chutcau- 
bduir it could In-see n that the volcano was still emitting puffs of slaty 
colored .steam, and showers of line dust were falling on the leeward 
side of the iiioiinmin. For several days these disebwgos of vapors 
continued, hilt a new phenomenon now attracted mom attention. 
The ravines which furrow the south side of the mountain were found 
to be discharging clouds of vapor, and this gave rise to reports of 
fissures having «*pein*d on the Hanks of the Soufrifim, of subsidiary 
eruptions arising from these lissunis, mid of streams of lava flowing 
down lhe valleys. As a matter of fact, they were really due to tile 
action of water flowing through the hot sand, which in some place- 
had almost obliterated the old stream courses, ns will tie explained 
more fully Inter on. By the 15th the volcanic activity laid apparently 
subsided, and the mountain remained rlear and unclouded. I he 
explosion* of steam in the valleys continued, and are probtidy still 
going mi. 

The state of i|iiiesc<'neo continued till Sunday. May 1*. I onlideticc 
w:L- being restored, and the inhabitants of those districts near the 
mountain which had not suffered severely were returning to their 
homes. On tb windward side the work of burying the bodies had 
completed and things were resuming their normal course, But 
uhont s, o'clock that evening an ominous sound was heard from the 
crater. Its nature wa* at once recognized and struck the black popu- 
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In t ion with terror- The anises were ns loud us those of tin- first erup¬ 
tion* itiul tin* lightning was very vivid On the leeward side complete 
darkness prevailed, nnd ashen and sand foil freely + for some hours. Its 
C Ecorgetoivu the full of ashes was quite incoiiKtderahte, hue exceeding 
a thl 11 lilm nil the roofs of the houses, (irudually Elio unison lessened. 
His- rEurkm*ss lifted, and the moots appeared Again, No lives were lost 
and practically no daumgr was done, hut exactly w hat bap] toned on 
those purls of the mountain nearest the crater it is + under she rinuim- 
stance.s, imjMissihlc to sav. This soiwnd eruption was the la^i which 
proceeded from the main crater, Ootids of strum were sometimes 
seen gently rising for some slays later, but nothing of the nature of a 
vs>hmnie. outburst bus since taken place. 

We arrived at Kingstown on Tuesday, dune 10, ansi pl'ocecdcd at 
once to Cluitecmtielair, where Mr, James E. Hie-bards, of Kingstown, 
kindly placed ll house at oiir disposal. The geological products of this 
eruption proved to lie of very simple character. The Sotifrj&re and 
the surrounding country wore severed with a layer s>f ashes mostly in 
the form of fine, shirk-ml tired sand, but mixed with spongy bombs < >f 
various sizes* mid many ejected blocks composed of fragments of the 
old rocks uf tin 1 hill. Lapilli and scoria are there in plenty* els is 
obvious where the heavy ruins have washed away the finer material, 
but the greater jmrt of the ejecta consists of Lins" sand, which when dry 
ritul hot is yellowish gray in color, but when wet lieixunes almost 
black- This sand, os has already been noted by many observers, eoEi- 
lains pliigiockse feldspar, hyperfitheae, tmgfte, magnetite, and frag¬ 
ments of glass, and represents a fairly well crystal feed hypercthnno- 
amlesitc mnghEL which lias been blown to powder by the expansion of 
occluded strum. 

The cmiror material is mostly n flaggy u nth site with crystals of 
pbgiiM-hise aad pyroxene, There is little pumice, t hough we obtained 
a few fragments which lloutsd on water Olid contained but few crystals 
vmbk to the nuked eye. The larger 3tombs are often black, highly 
lustrous, mid glassy when broken ucto&h* Some were seen at Wallibu 
(4 miles from tbi- crater) 3 feet in diameter* The ejected blocks ruu- 
sistnf weathered andesites and andesitic tuffs such us can lie >een in 
the walls of the crater. I bey an" very n tunereus k and some are over 
s f ™ 1 acro ^’ ■» addition to these, fine-grained, dark-green banded 
recks occur, which appear to bo linked and indurated sediments, preh- 
nbly the mud from the bottom of the crater lake or the finer beds 
intercalated in I In- older Vuleanre series. Another type of ejected 
block which is very common in some parts of the hill is a course- 
gmhwd aggregate of feldspar, hornblende (blown under the mkro- 
^o]ic)* and perhup* olivine. It {* not vcsiNihtr and contain* liulr or 
110 J ' l]l *** apparently holiM i-ysbilliiKv These rocks are verr fna 
bJ< ■ ami the crystals are looady aggregated together They ^emod 
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to to lie comparable to the ranidbrites of the Eifal and many other 
modem volcanic districts. They certainly unite unlike true pin* 
t,m[<■ dioriteii, Wh in their structure and in the character of their 

minerals. ....... 

Uuiay be noted that none of these rocks nnt eharacleristie of tins 

emotion, but nil can l*i found among' the older materials of the lull. 
Tin- hardened, baked urijments wen- well known to the raribs. who 
him- long used them for the manufacture of their liner stone imple¬ 
ment*. The feldspar-hornblende blocks wm: found by US among the 
older mi ks. and in some pint's even ns rounded massesenveloped in 
tin- old lavas* Some of die fresher bombs in the river beds and on 
the nmdun «in hardly he distinguished from those which were the 
product of this eruption. though undoubtedly of much older date, 

M Kingstown. :ih in Ihirhuh .. I lie deposit of vulra i lie dmt and rand 
whs so slight tlmt, owing to the heavy tropical ruins and the rapid 
.i-nmih of tropical vegetation, it readily disappeared, and when we 
arrived it was nevessarj' to make careful search to tind I races of it. 
In St* Vintent, to the south of Chateaubelahsoii the toward side, and 
from 2 null's south of Georgetown, on the windward side, tlie- country 
had very much ii- normal uppefclBuee. To the north of these punts, 
however, a sheet of volcanic ejecta covered the ground. Where it 
was thin it was rapidly disappearing. Every shower washed much of 
tin- finer matter into the streams, which were flowing full of sand and 
kpilli to the sen. In the fields the arrowroot was pushing up through 
I lie layer of ash and covering it with a mantle of green leaves. 

Around Georgetown the deposit is from l to :l feet deep, and so.F 

the blocks are a foot in diameter. On some of the ngMNWao fields 
in the farib ci.untrv the r.*h lies 4 feet deep, while on the higher 
slopes of the hill it is from £ feet to over U feet I where it bus gath¬ 
ered in the hollows), t hi the leeward side the a>h is very deep in the 
Valleys of the Wallibu mid Itawnii l>ry rivers. Hut m.rtli of ljirikai it 

is much thinner not above a foot nr two. ..>rth side of the 

mountain has. for reasons to In' subsequently discussed, received 
com) m rativelv little of the deposit, and at Point EapagnoL Owm, 
Fancy, und Quoshle Point, along the north shore, tin- cliffs and the 
rou ii try for some short distance behind them arc perfectly green and 

flourishing. , 

On the south side of the Sou frill re u deep and brood valley has te'en 
eroded in the soft VolcflJUO asb and Agglomerate of which this part of 
the bill consists. It runs almost across the island, Itnlwccn the Morno 
tiaru .Mountain ami the Soufrieiv. and it is this valley winch lias 
ni-eivcd the greater purl of the ejecta of this eruption. The streams 
which flow into it -the Wullil.n Hivcr on the west ami the Kntawn Dry 
Hiver on tin- rust—have hud their courses filled With tine, hut rand 
mixed with eoarra ta.ml* ami ejecii-d blocks. We were told that on 


Iliu we.st side ti]r ruvine c*f the Ituhsmt Dry Klver hull ]«?en iilmut !200 
fret deep. It is m m almost entirely filled up.. and the ri ver is slowly 
cutting it*- way through the hot aattcl which occupies it. The szune 
thing Is happening in the WalUbn Vnlley, I ait here e ms inn is more 
aidvimri^L mid elijfs <>f gniy* hot n$li, some HO feet high. nyerhwk til© 
stream ui !i £x>i ei t id mill li mil© uImjvc its month. On the flutter ground 
Itctw^n the river gorges which trench these hroud valley bottoms the 
drposU is very much thinner. pcrhup*3 In e feet on lire windward side, 
lint often 12 feet, und sometimes; 30 or 40 feet on Iht- leeward side. 

The distribution and thickness of I he recent allies is not ul all such 
ti* would ImvB been exacted had these material* merely ratnrd down 
from above. Wherever there is n hollow it has been tilled tip. Imwornr 
deep. For some days after the eruption the stream valleys were level 
with their banks. On the flat ground the deposit is nmeh thinner, and 
on the ridges [ind spurs which stand up prominently there wji* com- 
pumtively little uccumulntlou. To the mind of a gintlogist examining 
Lhe'i-valleys iini'esimpnrisun wiLs irresistibly Stipes ted they resembled 
nothing so much a> a rugged country covered with blown snow. Tin 1 
ash hail drifted into mid filled up the depressions, while compamtmdy 
Utile had rested on the ridges fttiween. Il is ctinccivftbio tliat nind 
lavas flowed down at an early jwriod in the eruption* and occupied the 
lower parts of the gorges: hut we saw no evidence of this, and as 
wherever the decjKrr layers of the mh are exposed they arv still Imru- 
ing but. U is oliviuus that they could never have reached their present 
|nH sitcon in the condition of a mud k \xtl When we saw chi- country 
its surface had bean deeply snored by the niin>, hut tho-e ivho visited 
it dbortly after the first eruption fidserihod it as having a smooth, 
gently roiling surface like lluit of blown stud. This is well shown in 
phnlograph* taken by Mr. Wilson. of Kingstown,. •Mi May 14. The 
VOiiviusion was forrrti upon our mi ruls t hut imimaist- ipimiLitios of hot 
'iiinl hml rusiiHl down the L,til into these valleys in an avalanche wlticli 
••urricil with it il terrific blast mid pilinl the ashes deep in tlm aheltem] 
ravines, sit the same time sweeping everything off t he exposed ridges 
which lay lietweon. The min of volcanie material. which losled for 
lii'ins itfter the hot blast had |Hissed, then reveled the surface of the 
•■oiiiitry with ;i final sheeting of due dost mid scoria. 

When we amended the Sou f rid re, the evidence of the punwec of a 
hot blast laden with sand whs overwhelming] v dear. The various 
stages of its action* and its varying intensity at different spots, tire 
most easily observed on the windward side, where the eoulitre i- more 
tbit nod open and there are fewer ravine* and aputs to modify the 
course of its operations limit tri the Wallibu Valiev. 

The track to the summit pusses across the Ralaten Dry Valley ill'll! 
the shore, then turns upward Through the augar-eime Jields of Itahuca 
and Ijot 14. These were coveted with 3 or 4 feet of sand and moria. 
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til., trens nil Imre, their leaves strip] h-d by falling cinder*; hut few 
branches were broken, and no trees had Wn uprooted or east down. 
Thv woodwork "S' the houses was un burnt, though the roofs <4 some 
of thf verandas and of the laborer*’ huts had collapsed from the 

of tabes that bad fiilte.them. Many \ .pie wen' killed op 

thew estates. The survivors described to us how the dark cloud had 

rolled down from the ..in twin. and liow hot and suffocating the air 

hud been w hen it enveloped them. But it was evident that the veloe- 

it v of the blast was not above that of a.dinary gale, and the dust it 

tarried, though hot. was not incandescent. 

\< Lot 14 it was seen tlmi many trees had their limbs twisted off 
BU tl broken, and some of the negroes' houses had taken tin* (pnilmMr 
mostly from hot falling bombs). The Musi was more violent here, 
but not hot enough to set fire to the woodwork or ehar the green wish! 
of the standing tilnlw. 

' On the Hut ground ... the plantation building (at an elevation 

of ulwiit Ijhhi feet) :l further stage of devastation was enemmtered. 
The fields were here swept bare, the trees broken down, though not ns 
a rule uprootwi, and their sum Her branches- swept away; el deep Inver 
of hlark -and covered the cro]* of sugar canc. The blast was hero a 
violent gale. 

little farther up the efforts of the blast were remarkable, huor- 
mr.us trees had h.« i. uprooted and cast down. Their leaves mid liner 
branches, of «um, had dinppedetad. In every the fallen t milks 

pointed directly away ..lie e rater. Kvru the great rot ton trees. 

10 feet nr mono in diameter, were broken off or np*boM. The smaller 
dee- had in a few eases been swept away like straws. Tin* linger 
were merely east down, ami lav side by side, their to]ut directed down 
Hit- valley, tbeir roots toward the summit of the mountain. -Most 
wen* charred, some deeply. but, ns the wood was green, only the 
smaller branches had been consumed. The effect was like thut pro 
,1,,,.,.,L by a violent lmrriomo, only more romplete, for many of these _ 
trees bid withstood I lie liurricane which ruined S|. Vincent in 1*08. 
At the lower limit of this region some curious effects of the hot *ati<1 
[.last could U* seen. Where any branches or trunks were still -land 

lug they invariably showed themselves to Ik* burnt and eroded .. 

side- -that next the crater the wood having been charred and the 
charred material removed by tins action of ii hot sand blast. On the 
side away from the emter the original fmrk was still left uubuniL 
hut dry mid peeling off; that is. there bul la-eti im erosion on the 
sheltered or Ire side of the stem-. The wood was too green to lake 
(ire. but the sitnd had been sufficiently hot to char the surfaces which 
whit tu iL 

Farther iifi the hill- that is to say, above the 1,500 feel level there 
wit-, little left of the rieli tropical vegetation which hud covered it 
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from summit to li$u-e fc Blackened remains of Im* tninks were to bo 
seen, overturned or broken nlT near the ground and buried in dark 
.sand. Tbs* highest jmrb? of the mountain aro iw Imre and desolate a 
sw'ii e as could be imagined. The ash is 5 to 13 feet deep, and though 
full of large lih>eks and spongy bombs, is mostly so tine that when 
thoroughly wet it become* a tmuL very teiuu'imih mid slipway, in 
which une sinks to the knee. In it there i' a gem*! dcrtl of burnt 
timlh r. utterly blackened and eon verted into charcoal. Everything 
hns been mown down, amt at tin 1 same time the intone heat has con¬ 
sumed alt the smaller fragments and charred the larger. There is 
nothing to show what was tin velocity of the blast when it left the 
eniter. After a couple of miles it was that of a hurricane or lomachn 
The limits between the ya me of uprooted tm l a arid that of trees still 
standing, but broken and much damaged, is surprisingly sharp* At 
4 miles from Hie crater the blast was traveling iti 3U to 4'i mile* an 
liour, and rapidly slowing dow n. Thin agrees with the evidence of 
an eyewitness w ho sfttv il when it reached the sea near I'hntriuihekiir, 
it caiue over the water with a wave lie fore il. but it did not overturn 
the small Imats w hich lay in its course. 

Another peculiar feature of this blast is the manner in which its 
course w r us modified by irregularities in the configuration of the 
ground over which it passed- To the north of the cniter stands the 
encircling crater wadi already referred to a* the Somma. There can 
l*e m< doubt that a black cloud descended over thin side of the 
mountain, though hen the devastation is comparatively slight, and it 
h inferred thufc the high intervening ridge overlooking the crater 
served us a nmtp^ri and helped to protect the country liebiiul it from 
the effects of the blast. Tim southern lip of the crater, on the other 
baud, is the lower, and the avalanche of hot mnd serins to have 
poured over this lip almost like a fluid. Down the deep eqmn valley 
iNetwei-n tin Smifrlire and the Mumo Garii Mountain it rtudicd, ever 
following the steepest descent. It dung to the valley Indiums and 
coursed along them in a manner which -nmewlmt recalls n raging 
torrent in it river* Tin st minis In these valleys, after defending the 
first part nf the hill, turn sharply at a right angle toward the eousl t 
deflected hy the uprising mass of the MornM mrin The hot blast 
mostly followed these valleys, ant] In them II piled up enimuoua 
deposits of sand. but ^irt of it swept up the shoulder- of MatnG 
{him ei ml lore up the heavy limber which wan growing them. The 
direction in which the fallen trunk* point shows that tin- blmt was 
split into t wo purls—-one taking the east and one the west side of the 
mountain rushing upward obliquely from helmv. Hie immntam 
protected the country behind, and the line of demaiVEitkm iwhviwjn the 
burnt and the green forest almost corrospniids with the dividing ridge. 
The south side i^ groco; the north side toward the SoofrWi* h 
devastated and I mint. 
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The effect of even conipamtively small ridges hi deflecting the Mum. 
imd protecting the country tohlnd them is still more noticeable near 
Chatemutolmr. Between i he rivers Wallibu ami Richmond there is n 
high dividing ridge, The northern valley (the Wallibu) is filled with 
ash and utterly bund up, Lhat to the south (Richmond Valley) i> in 
large \mri green* One side of the dividing ridge E* blinded; on the 
other the arrowroot is Ltguin putting out its green leaves. Aiiolher 
ridge h 1 jut rates Richmond Valley from Clmteau I relate. This ridge has 
1 k_h 1 ■ i in many places scorched. but the country behind it has tocn per¬ 
fectly protected., arid, though covered with the r&iti of ash, has resumed 
its iinrtuul appeal nan ce, There nin to little doubt these ridges servutd 
to direct the path and intercept the violence of the hot blast. 

Fur some days afi« r . .rnptiou no ruin fell, and the first vbit 

the district were aide looliserve the effects of the eruption im modi lied 
by the erosive action of running water. Hut on May 25 5± mehc* of 
ruin fell- On tin- previous day the rainfall had hem 2| indies, mid 
i he rainy season new set in ia rnrnust. The effect of these deluges 
acting on loose material lying on steep slopes was phenomenal. and by 
the time we reached the island the surface of the sheets of ash hint 
been sculptured into innumerable furrows and runnels. They cut 
down through the incoherent sum! to the layer of burnt vegetation on 
the oh\ soil tonraLh, or even into thia. forming new channels, which 
varied from a few inches to many feel in depth. To one fresh from a 
temperate elimale ami unaccustomed to the power of tropical rain- the 
rapidity of denudation under these conditions was astounding. < h\ 
tlu- upper part of the Smifriero beautiful feather patterns of rain rill- 
converging toward u central main axis every where characterized the 
surface. The knife edges between the valleys were (he only parts 
retaining the original smooth siirfuta\ and they formed rvi-ellent 
paths, a- the sand \vn> firm, except near the summit of I he lull. 

tin the wind want side "if St. Vincent -o much material i~ being 
swepl into tie- sea by the -treams that (he roast i* covered with black 
sand f nnd near Overland Village it possible to walk fui n ititle 
tonenth the -eu rtitfs on it brand, sandy beach, where formerly (lie 
heavy surf of n weather shore heat against their tose- In the arrow- 
r oot tie id ?• the original surface i* often to a large extent uncovered, 
mid on the upper dopes of the Soufriere there arc many plains w here 
none tif the new ash is left, but the tore surface of the old rocks is 
everywhere expo-cd eo view. After n heavy tropical showrr valleys 
which are usually dry may to- lillrd with a thundering turivnl veml 
feet deep and 2U or ft' feet across. Under these cimiiustum-c- it will 
cosily be understood that already iimny of thestream* have thoroughly 
cleaned out the ash from the upper pan- nf their channels where the 
gradieii( Is steepest. 

Hut when such a torrent reaches the lower valley--, which have been 
tilled w ith thick musses of hot sund T a Mraugc cunlUet between lire aud 
sm 190®-21 
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water inn l«a witnessed. Tile river plows its way deeper :tml deeper, 
constantly sweeping the material into the sea. The volleys, nt first 
almost obliterated, are now reassuming their old appearance- Ter 
races on their sides give evidence of former levels at which the streams 
flowed. There are five or nix such tenures on the Wnlhim. This 
river flows in flushes of hoi steaming black mud, its into tin it tent How 
being due to small landslide* temporarily damming up its channel, 
only to t*e swept iiwuv us the pressure of the water in creases, On the 
Kahirjt Dry Rivei here bus been less cron ion. and only after heavy 
rains does it reach the .^eu. ;is the water from the smaller showers is 
apparently evaporated in its pai&sugc through the hank* of hot ashes. 
After ruins both rivers ran lie st*en steaming till along the lower parts 
of their courses. 

When one id these streams comes down in force It undermines it# 
bunks hy washing out the soft new ashes at their kise. Then land- 
slides take place* and u uuriutm *pectiefe rcautfa, When the hot ash 
tumbles down into the waiter mi immense cloud of steam rfee* in the 
air to height* of hundreds of feet It expands in great globular 
masses exactly like the steam explosions from ai orator, ami us il drifts 
awuy before the wind line dust rains from the cloud. Wi- had the 
good fortune to witness a magnificent scries of these explosions one 
day as w H e were descending from the summit of the Soufriere. Ii was 
in the valley of the Roseau Dry River. After every landslip a column 
of tninliLy water rose to about 2<n* fed, carrying with it pieueaof stone. 
Immense quantities id steam shot up to 700 or h<n> feet in the jiir* It 
resembled mi enormous g pymr of black mud tind slenm. In Wol- 
libn River after every shower these "team explosions nsay lie wit 
ncs*ed taking place on u large scale. After a few hours of dry 
wcatherthey cense, though the river can still luj seen to he steaming 
strongly as it flows along. 

The structural modification* produced upon the hill hy this erupt ion 
have Wn astonishingly -slight. We mw no fissures, no parasitic 
craters or tames und no lavu stream*. Even the ember* nr the summit 
main essentially Choir old ronfigumtiuii, All the evidence points to 
the supposition that it win* from the large or old crater that tkk 
eruption for the most part proc eeded. But the smaller crater has not 
disappeared, nor ha* it tasen tilled up. Wc did not sen it, hut we inn 
rely on the evidence of several observers who knew Ii well before the 
eruption and have seen it since. The narrow ridge between it and 
the large emter still stand*, though pmliubly some what lower than 
he fore, and pissibly is slipping down in landslide* on both sides. 

Like all the higher mounrahisof the Windward Islands, the Sou f rift re 
hns usually its summit rapped with cloud, egpoobdly during the miri v 
season t mid this was the casa on both the days on which we made the 
m&nt Ua the first occasion the m hi lifted for a few minutes and 
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enabled ua to rthtuifi * glimpse of the Imltoni of the erab'iv nrlu 
uatcty wb had with us Mr. 1'. 31, MtDuimld, of Uiehinoiid Vale, nn<l 
Mr- Henry Howell, enmtor of tin- Untanir Gardens at Kingstown, 
who were lartli well acquainted with the mountain in previous years. 
The crater was formerly nine-tenths of a mile «eru-s and about lJiMJ 
feel deep. Its inner slopes were steep and richly ivooded. Its tail tom 
was occupied by n Ink* which i* said to have been over 50M feet deep. 
The northern Willi is ninva nuked precipice of rock, perhaps lV mNi f«*t 

hi^li. fit. Ik; fin e of which rock slides nre frequently tumbling into 

tile abyss Ik low with n loud noise. We did not get it clear V iew of it. Imt 
Professor Juggnr T ofl In rvnnl t T ni v .it-] t y. who ascended shortly before 

we did. van more fortunate, and obtained . .photugMphs which .-how 

that it consists of layers of lull allenwtmg with bed* of lava. Wind 
seems to In: u thin irregular dyke tortus a prominent riblike urn.-- cut¬ 
ting across the bedding planes. The southern side stifles downward 
for several hundred feet at an angle of about 4n , and is rove red wiili 

a thick layer of fine dark mud deeply grooved with min i t.Is, 

The lower part is a precipice of Imre rock. The bottom i>f the crater 
is nearly flat or slightly cupp'd. When vve saw it. it contained three 
small lakj-s of water, greenish and turbid; that in the southeast corner 
was throwing tip jets of mini and steam with n hissing noise. It was 
in verv much the stirnc condition .ln when seen by the party which lir-t 
ascended the mountain on May 31 that including Mr. I. M. Milkmaid 
and Professor Jaggur—mid oil u slightly later date by Lieutenant Itob- 
inson, H. E. .Mr- McDonald thought that there was rather less steam 
and the lakes of water wore somewhat larger than when he saw it pre¬ 
viously. In his opinion and that of Mr. Powell the crater wits only 
slightly larger than tie fore the erupt ion. but considerably dec|ier. 
The estimates of tin.- depth varied a good deni, but it seems, on the 
whole, to he generally agreed tliut il is abuiit l.doo feet. 

Accurate measurements of the breadth or depth of the crater wen-,, 
under the cireunisUuicvs, impossible, As seen from Chateau lie lair the 

until an of lie- lip of the crater has sulfered many iWlilicatiu its, ..gli 

Ik me of these is of any great importance. It is agreed that the south¬ 
ern edge is tmw somewhat lower than it was before the eruption, and 
this is confirmed by our humiuali'ic measurements. 

It Is reported lieu siiu ■■ we left M, Vincent the amount of water in 
the crater has increased; and should this i-oiitinue. a lake will ulti 
iLiatelv Ih 1 formed not unlike that which previously existed them. 
Wlieii the cliffs which form the north wall have readied, by repeated 
roek fulls, u condition of adjustment and stability. and when vegeta¬ 
tion has again covered the interior slopes, it is possible that the cm to r 
..f the Smfrieiv will have regattn-d very much of Its ol>l appearance. 
Should any one who knew il licfore then return In visit it. lie will have 
• litliculty in believing that it funned the urilire from which were 
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emitted the tremendous explosion.* of May 7, 19ik2. h was* as we 
saw it. nn impressive spectacle, it * nuked, rugged walls of rock looking 
down osi the steaming takes below. 

Apart from the r Images which have taken place within the crater 
and l 111- dp posits of a*h which have formed in the river v ill leys and on 
the surfate of the hill, the only other imjrtrtuitt geological modiii&L- 
tion of the country has been the di^ppc^nuiee of a narrow >trip of 
coast along the leeward s+itl-t: of the islumd- Near I Tn - mouth of the 
Wail It I hi, and from thence northward to Mortie Hondo, the sea has 
me touched on the lund for perhaps SDn yards. Below Wnllibu plan 
ration there stood ti village of Lahore nt* huts on a low* Hat l*ench with 
a bluff behind. Here the sea now washes the foot ruf a did some 30 
feet high. Thb cliff consist* of soft tuffs covered with so vend feel of 
neivi hot ashes, and is in an unstable condition, si" masses are com 
sUintJy fatting down from st^ face. In this way a new ln-arh is now 
forming in front of it. If is agreed by those who knew the district 
before the eruption that not only has the old beachdisappouml. which 
carried the village and tin* public road, hut that part of the hluJf 
iKdiind has nbo nubgiiled, We were informed hv Mr. T. M. McDon* 
aid, wdiu Is mtinmtdv tui|uainted with thin eoiist line* that similar 
subsidences laid also taken ploei\ though on ll much smaller Ksile. at 
severa] place* fart he t north. There is no evidence e!aewhere of any 
change* of level of land and sea. The tide marks on the rocks and the 
landing stages lit the villages enabled as to ascertain I hut the level of 
high water w m at any rati 1 - within a few inches of what it had bean 
before. It was dour that the uki-mtcons in the coast line were due to 
local subsidence of the foreshore*, and that they laid mostly affected 
loose and ill-coii^ilidiitcd deposits, such us beach gravette mid the fan* 
of alluvium which had formed at the mouths of the streams. 

The submarine -dopes on the (cewuttl side of St, Vincent are very 
steep, averaging about i in I. Often within half a mile uf the shore, 
or sometime* even less, the depth is over loo fathom*. I t ^eems must 
probable that, owing to the concussions and carthijuiikes produced hy 
the explosion** tfOUMS of the less coherent accumulations on these sti^p 
slopes dipped IwKlily into thi“ deep. On thin supposition most of the 
filets would In? explained, but at the same time it is possible that jl! 
Wallibu the inner margin of the depressed |iud may he a fault line. 
It has a very straight trend* and it \h a curious fact that this shore win* 
formerly known a* Hut Water*. Till* might indicate tin existence of 
a lis*ure tip which hut springs were rising. 

When we arrived at Martinupic we hail the picture of meeting 
Profefcsor taieroix, the head of the French scientific coumiirvdon* whieh 

had spent so.time in making ti preliminary survey of Mont Polio mid 

the north end «f the island, and from him we obtumed much valu¬ 
able information regarding the sequence of eveuUiuid the geological 
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eonHcqiMmucs of the eruptions in that quarter. U ww our intention 

to tuakr .rely nueb reixinrioissauiTs as would uiinhto n- in u pwral 

ivhv to ascertain the points of difference and of similarity lietweon the 
outburst or Mont Pelec and that of the Snif rtf-re and to s.e what 
li^ht the phenomena in Martinique throw on the events which had 
happened in St. Vincent, 

ItOth volcanoes we of tbo mint' type. simple cones with n large vent 
nem the stun init. ami without parasitic cnitcre. Tiny are both deeply 
•ifored with ravines, mid on I heir south west sides there is a Inroad 
valley occupied at Martinique by St. Pierre City: at St. Vincent l.v 
the VVnllibn. It is in these valleys tluil the destruction has la*en most 
pronounced, In both, the recent eruptions have been oham.k'med by 
pnnntyHtnal discharge* of incandescent rwhea and a complete hImuim 
of IrtVH stteanitt* 

In Si. VimviiU howvcr, the nm^^f mucerml I'jmixl lui* much 
greater. and » i-onsUleinldy larger arm of country has Insert devastated 
than in Martinique. That the loss of life w, re not so great ran he 
accounted for hv the absence of a populous city M th<- foot ..t ihe 
i no nut a in. Had St. Pierre been planted m the mouth of lie- 
Valley, there eau be no doubt it would have been no less completely 

dcNtiwcd. 

On Mont Pc lee we understand Lhiit a fissure has opened mi the south 
side uf the mountain lnitwwm the summit and St. Pierre, from which 
the lilnsl win emitted which overwhelmed tin 1 city. Hut on the Sou* 
friere tile old orifices have been made lw® uf. I he erupt ton of i e!rC 

bejput with tiie flow of mud lavas, but none such welt .. in St. 

Vincent On the other hand, the but blunt which swept down on the 
devoted «itv was essentially similar to that which wo have rtwaHbw* 
as having taken place At tbo Soufiure. Iti.tli eruptions produced 
principally hot sand and dust with a sum 11 proportion of bombs mid 
i-jertcd blocks. The evidence of the captain of the RwhLiw mid of 
the survivors of the Ihmthtui affords a very good idea of what hap* 
pc lie 1 1 in St. Pierre on May s. An avalanche Ilf mcandeaceut sand was 
launched against th. city! Iti the north cod, which wan nearest the 
crater, the inhabitant.' wort* instilniancousdy killed, the walls of, the 
houses leveled with the ground, and the town was ablaze in a moment. 
In the south end the ruin was less. Those n ulls of the hou-ses which 
fiu-ed the crater were demolished; those which ran north and south 
still stood, even whim we were there, after the second eruption. In 
this quarter also all were killed, except a prisoner who wa> contiiied 
in an ill-ventilated cell in tin* prison, but we were told that for come 
minutes after the blast had [Missed people were wen rushing alnait in 
the streets, crying aloud with pain, and many threw themselves into 
the sea to escape the agony of their burns. It must be reiie-mljered 
that a terrible conflagration followed the eruption, and for thirty-six 
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houi^ l!io lit) w;i> jl burning piles Another eruption followed on the 
Stith, and iiist down many of the buildings which were left. Urin e 
at was di [limit to In- suro exactly ivhat were the effects of the to Iran ir 
blast, ami what hud to tse ascribed to the conflagration. Hut we saw 
enough to satisfy us a hut the hot Mast was probably no less violent 
here than Lit St. Vincent. An iron statue of tin? Virgin, standing on w 
stone jM¥<lestal on the wooded ell if overlooking the town* had been 
broken elf and curried l*i foci away. It lay with tin 1 heart jointing to 
she mountain. and the direction of the statue showed that the bhisl 
Was tmveUli|f st might from the crater over the city. The mu non in 
the fori had been overthrown and hud fallen away from the mountain* 
that is to say. in the same direction as the statue, Tlie projecting 
ironwork of the verutulas of the houses was twisted and herd. The 
! ight-houacs were razed. The sihips riding nt anchor in the harbor 
wen 1 lying side on to the blast. Some were cupsiKcd. others had their 
ringing rlit elenn liwhy; only the camped, and she was near 

the south end of the town. It was -aid that one man was blown clran 
off the fioytti ^rtm Ihe trees which were growing in the streets w ere 
uprooted and mat down. Many of them showed charring and nan*b 
blast erosion on the side which faced the crater, while the lee side was 
.still covered with the original kirk. 

During the minute or two which this blast lasted, so much diiat fell 
on the lutthfoii* that Captain Lord. Ihe harbor master at St. Lucia, 
estimated that 1|0 tons were removed from her decks when she arrived 
there, and the chief engineer of (lie R. \L S. who inspected her 
for Lloyd's, told us that the depth of the layer of nsli was in some 
places 2 or :t Feet, Enough has been said to indicate the general simi¬ 
larity of the volcanic phenomena in Miirtiniipm and in Si, Vincent 
A fuller comparison, mid more particulariy the mv litigation of the 
outstanding poim- of difference, is lieat deferred till the detailed 
results of the French commissioner^ investigations arc to hand. 

Wi w ere fortunate in having an opportunity of witnessing one of the 
mure important eruptions of Mont Pclee lie fore we left Martinique, 
and lids enabled us to see how far the actual phenomena eori-espitided 
with the ideas we bad tiecn led to form from an Insect km of the effects 
of the earlier out hursts. On theUth of July we were in jl small sloop of 
10 tons, the J///UV. vf. of H reiiaik, which we had hi ml to act a^ a con¬ 
venient hew* for our expaditioua oil the mnmiMii. The morning was 
*p*nt in St, Fierro City and among the sugar-cane plantation* on the 
lower dopes of the mountain*, on the hunks of the Rivirro ties f»drau 
The volcano win* beautifully dear* Every ravine mid farrow , every 
ridge and crag, on its gaunt, naked surface stood nut dearly in the sun¬ 
light. (See p] + l,| I bin clouds veiled the summit, hut now and then 
the mist would lift sufficiently to show us the fagged, broken eliff 
whteh overlooks (he daft. From the triangular fissure which servos 


ns tin*, niU' 1 - biu'illv » whitf -team was 1(1 rhe - ,uld thp K™* 
hmuor hot Imwldel* whic h Lies on the mirth side '* *"< 
figure ronhi bo perfectly mad.' out. tSev ph II.) Small landslides 
tCK>k place in it ijcctt^ioimilyi *roatt jots fif st*'uni rose now nim wgmm 
from Im^wcpii the stones. 

V little after midikv hr^ steam dourU Iwe^nn to rise, one every ten 
or twimtv minutes, with u W nimble. As they rose-they expanded, 
becoming tflnli- shaped, mid consisting of timnv globular mUing n,^rs T 
constantly increitmVtf in mimfor ami in size us they amended in the 
]t j r . They mi^Ut In- cumiMruL t«> a Uunrb <>f "rupe^ lai^Mind ffliwil. 
or to u gigantic nmliflower. Whim their upward velocity diminished 
lIk v lifted iiwuv to lecwind, end fine ash mined down in u ‘h use mist 
ns they drifted over tba western Hide of tin- mountain. I hoy (H ’™- 
rionedim anxiety in our minds, ns we hud found that tin- mountain 

was [itnor long without exhibiting iliasn dtsidntr^s.. they were due 

merely to an escape of statin, currying with it tine dust. They rose, 
as a rule, to bright* of 5 .*hiu or d.WKi feet above the *?*. 

That afternoon, as tlie sun WM giving lower in the heavens and the 
details of ravine and spur showed a contrast of light and shadow whu li 
was absent at midday, we sailed along from St, Pierre to l^VW 
intent OH obtaining a series of general photograph of the lull. he 
steam pulls continued. at.d about 0 o'clock, ns wo were standing l«u - k 
arltiss Lhe Bay of SI, Pierre, they became more numerous, though not 
much larger in ri». We mn down toCiirbet.il village .1-1 miles eolith 
of St, Pierre. where there is n supply of excellent water and good 
jiTK-hom^c, Atwmt half jwist >» it was u-tiviouH that thfl noth i\\ i> * n 
mountain was increasing, The cauliflower clouds won 1 iu> longer r is- 
tim-t and sopornte, each following the Other after an interval, hut arose 
in such rapid succession that they were Mended in a continuous emis- 
sion. A tliick cloud of steat!i Htreomcd away before the wind, so laden 
with dust that all the leeward side of the hill and the sea ford miles 
from the shore was eovered with a dense pall of tine falling ash. 
usee pi. III.) The sun sotting behind this cloud lust ail its brightness 
and became a pule yellowwh-gmcii disk, easily nbservnhlo with the 

naked eye. Darkness followed the si.. twilight of the Tropics. Imt it 

fimr days old moon shed sufficient light to wimble us to see whflt was 

happening <m the hillsid** . 

dost lie fore darkness closed in we not teed a cloud which bud in it 
something peculiar hanging over the lip of the fissure. At first glance 
It resembled the globular cauliflower masse* of strum. It wils, how- 
t . v cr. darker in color, mid did not ascend in the air or float away, Imt 
retained Its shape, and slowly got larger and larger. After observing 
it for a short time we concluded lhaL it was travidhig straight down 
the hill town ill us, ex j lam ling somewhat as it entile, Imt not rising in 
the nil 1 , only rolling over tlie surface of the ground. It was so totally 
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distinct. in its tiehuvior from the ascending steam clouds that nm* 
ntlcnlinii mjl> riveted on if. and wo wore not without apprehension as 
to its character. It seemed to fake .some time In reach the sen I sr vein I 
minutes sit least), ami ns ii rolled over the lay we roil Id see thul 
through it there played innumerable lightnings. We weighed anchor 
mill hoisted the .-nils. nod in a few minutes we were slipping southward 
along the coast w ith n slight easterly wind find a favorable tide, 

We had. huwt+ver. sniredy got under wnv when it became clear that 
sin eruption was impending. As the darkness deepened, a dull red 
rellectioti was seen in the trade-wind cloud which covered tin- mountain 
summit. I bis Isecnroe brighter find brighter,and soon w< -aw red-hot 
stone- projected from the crater, howling down tin* mountain slopes, 
mid giving off glowing -[)iirk-. Suddenly the whole cloud was hrightly 
illuminated mid flic suilurs cried. “The mountain hurstsT In UM 
incn-dihly short space of lime » red-hot avalanche swept down to the 
sen. We could not sr the .summit* owing to the intervening veil of 
cloud, hut the tissum nnd the lower parts of the mountain were clear, 
mid the glowing- cataract poured over tbem right down to the shores 

of the hay. ft was dull red, with a billowy surface, reminding.. of n 

-now avalanche* In ii there were larger stone* which -lood out sis 
streaks of bright red, tumbling down nnd emitting showers of sparks. 
In h few minutes it won over A loud, angry growl had burst from 
the mountain when this iivaliuiche was Launched from tlu> erater. It is 
difficult to ray how long an interval elapsed between the time when 
Live great glare shone on the huijjiuit and the incandescent avalanche 
reached the sea, Possibly it occupied a couple of minute-; it could 
not have Viren much morn, rndouhtedly the Velocity was terrific. 
Had any building- stood in ils path they would have been utterly 
wiped out, and im living creature could have survived that hkst. 

11 a nil y had irs rial light failed when a rounded bluek cloud begun 
to sliajM* itself aga'm-t the star-lit sky exactly where the avalanche 
had been- Tim pale moonlight shining on it showed us that it wok 
globular, with h hulgiug surface, covered with rounded protuberant 
masses, which swelled and multiplied with a terrible energy. If 
ntshml forward over the waters, directly toward u>. I mi ling, andchang- 
ing iu form every instant, la its face there sparkled innuramuhie 

. .f?'< ^hort, and many of them horizontal. Kspodally at its Who 

there was a con I imams scintillation. The cloud itself was block as 
night, dense and solid, ami the flickering lightnings gave it an inde¬ 
scribably venomous uptmimuea. Jr moved with greet velocity, mid 
"** il approached it got larger and larger, but it retained its rounded 
form. It did not spread out laterally, neither did it rise into the- tir 
hut swept on over the sen iu surging globular mosses, corrupting 
with lightnings. * 

W la ri almut a mile from it* it was prreiptihlv slowing down Wo 
then estimated that it was ii mile* broad and about 1 mile high. It 
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ta-guii to change its form: fresh protuberances cessed to shoot out or 
grew but slowly. They were less globular, and the fore of the cloud 
more nearly resembled :i black curtain tiruped in fnliln. At tAlt'* watne 

..it becam e paler find more gmy in color, find foru time the surface 

shimmered in the moonlight; like a piece of >Uk P The particles erf ss^li 
were now -Kniling down, und the white steiiin* freed from entangled 
dust, was loginning t" rise in the stir. 

The cloud still traveled forward, but now wo* mostly steam, and 
rose from the surface of the sea, pissing over our heads in a great 
tongue-.shaped mass, which in a few minutes wits directly above ns. 
Then .stones, some jt> large ns a diestmit, logins to full on the heat. 
They were followed by small pellets, which nulled on the deck like :i 
shower of |««jts + In a minute or two line, gray ash. moist ami clinghiig 
together in small globules, poured down upon U*. After tlmi for some 
time there was am in of dry* gray ashes. Bill the cloud hud loM most 
of its solid matter, anil ns it shot forward over our lu-adn it left us inn 
stratum of dear. |Htre idr. When the tinonsh began to fall, there wiss 
a smell of sulphurous add, but not very marked* There was no rain. 

The volume of steam discharged must have been enormous* for the 
tongue-shaped cloud broadening* us it passed southward, covered the 
whole sky except a thin diu cut the extreme horizon. Past fell on 
Fort de France and the whole tsmitli end of Mariitiiijticu, The display 
of tightEiing W88magnificent. It threaded the dead in even dination 
in irregular branching lines. At the .same time there was a continuous 
low rumble overhead. 

\Yhut happened on Mont PeJf-o after this discharge can not in* 
definitely ?ls< erlnincd. For some hours afterwards there were brilliant 
lightikings mid loud noises which ww took for thunder. That night 
them wim a heavy thunder storm over the north end of Martinique, 
and much erf the lightning wiwntnif spheric* hut proltahly the eruption 
hud something to do with it, and the noises may have been in part of 
volcanic origin, 

Them nm }«. no doubt that the eruption we witnessed was a counter¬ 
part of that which destroyed St. Pierre, The- medbmiism of these dis¬ 
charges is ribH'urc and many interesting problems arc involved, hut 
wc arc voimfiecd that the glowing avalanche consisted of hot sand and 
gases, principally alttuu; mid when we passed the liill in K. M. S. 1 !f/v 
it few days later we had. by the kindness of the captain, an excellent 
opportunity of making a close ex ami n id ion of the shore from the bridge 
of the steamlaiiit. The southwest side of ihe hill, along the course of 
the liiviem Seelie, wm covered with a thin coating of freshly fallen 
line gniy ashes, which appeared to lie thickest in the stream valleys. 
The water of the rivers flowing down this part of the liill was steaming 
hot. This was undoubtedly the material emitted from the v niter on 
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the night of tin- eruptinn. Theiv was iu> lava, We h:lw ms rxjdosdonB 
of rtmibu>Liblr gimes i lm■ L untiling tiki- :i sheet nf iknir* We ivm 1 
agreed that tin- scintillations in ilit- cloud were imhtiary lightnings, 
which shot from one [HLitof ii- muss to nnt>UuH\ and | hi illy also struck 
the sea lavneath. 

The most i>ccuJiur feature of these eruptions h ihc uvnbturtH 1 of 
iiKunties, out sand mu 1 the great bhu-k cloud which ureompanies lL 
Tin 1 preliminary stage* of the eruption, which may omipy u few days 
or only ii few hours, c onsist of outbursts of si -am. 1in> du*L and stones, 
and the discharge of illr crater hikes ns torrents of water tir ri-f mud* 

[ii ... there is nothing umistinl. but us soon ns the thmat of the 

(■niter in thoroughly cleared and the climax of the eruption L reached., 
a rntiss of irnimdeseent kva rises and wells twer Hie lip of the emtor 
hi the form of nu levu lane lie of red-hot dint. h i - ti lava blown to 
pieces by the expansion of the tpises it rontum^ li rushes down the 
slopes, of the SitlL currying with it a territir blast which mows down 
everything in its pith. The uihrturoof dust and gn> lielitives in many 
ways like n fluid. The exact chemical composition of these gases 
ream ins unsettled. They Apparently consbt principally of steam and 
sLiiphurotis acid. There are many reason* which make it unlikely 
that they contain much oxygen* nml they donor support respiration. 

After v isiting Mullinh|iie we proceeded to Dominica. whin e Mr. Fletf 
vkiicd the Sun frier* 1 at the south end of the island and the famous 
Uniling Luke and Grand Honfriere. There have been few signs of 
increased volcanic activity here nr in St. Lucia during the revert erup¬ 
tions, Dr- Tempest Anderson spent some days in I i remidu in an exam¬ 
ination nf the lagoon at Sr. George^ but purt leu Sms regarding these 
islands may 1 m* reserved till a fuller report tippers. 

UKgscKiPTittff ov Tin: vuertt. 

PmthI.-—vVuiiJ /WiV/pwm the uvtii—'Taken From the rt.il near rrvehetir, a vllEsge 
north fpf Si. Pierre. This view who *h lum- thetanantAm is mi up into ihv|i mytnr* 
by the Imjrhul ndm, Part nf ihr miiihm it U > nuretLlnl by cloud*, auul tho firaun? 
from which itae t rtijaion um pmnvdiri^ ajipaiently U-html ami in the right 
of thf small central H'uk in the twekynmnd, 

Fk*TK II .—Mont Fidfo.frit ra the TJun ]{hoOvm E ih wwi taken fmtu the t#A 

the irmutlis of the Riviere S^diuand Rivtfrc ItitmeJn^ which urv afaiut m I lailen 
north uf St, Vknx\ I( ahown the character of the tiumnEflin, the summit 

of which w ii.Aided by chiUilH. Thealopc in the 1-mvnmEnl b Ellr Lnirk of the 

avalanche* which ilcwciukd From the trmn^jhr f i{ark<volon*d) tlrafiire to the right 
af the central ^ak- 

IWr. HI.- \h»*t I**t& m m Takh-ii rmiu a Mloopnrt St. IHi-m- on the ntter- 

noon of July fl. kshum the + l eauhiJow^r" jih-iiiu^I by the i 1 hauls of Musi 

ami vu*am 3IH they clfift^l wivtwunl mi to The b|;hter^uKom! cLml lo the 
east iit right! islhu intdEvwind rlnvl w hieh s.. coiiFlantjy cmrwl the summit 

A mall nghtiolonsS ebnrl j«kh jam lH-h.a-thip F .^n the nght-bamd > ... i *|d<j, 

S lldi rut i * Uwlhmrn 1 fnarn wtileh the eruption el I Jelly The ertkptlve 

H avalanche^ t4 vnlcanls nmU rkl dt^rendeil Mlo nkpea In the i^ntcr nnil mthrrto 
the left of the fnregmmul. Si. Hem; is to ihr right, iiithiil^ iUa 
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VOLCANIC ERCITIOXS ON MARTINIQUE ANI> ST. 

VINCENT-- 


By I* ham. ('. Bussell. 

Of fftr S'rrtiifiifit Oi'&JTfipUw' Sanity tCrpfditW* J*o 11--# lmHt** 


The continuation of activity in the ease of Mon* IVt£e and l*i 
ritiufriftrc of 8t, Vincent makes it evident that it is yet too curly to 
write u final report on their recent eruptions What may he tinned 
ii lir^t approximation, however, to the Hjgiufieance of the observa¬ 
tions ^neernlug them already in haud,* may lie of iritoresi to the 
members of the Nil tiorin 1 Geographic Society, 

77a tiumlerqfitostrt'i criftm The lir*l question tu which an answer 
is .sought concerning I Kith Mont Pcl£c ami Ijl Sotifriere is: Have the 
recent eruptions occurred from a single and essentially a summit 
crater in each instance* or have secondary nr sidjcruters l*eon opened 
on the sides of the volcanoes, which had a connection with their eon- 
dtiiU’f In the cum of l^i Soufriere no differences of opinion in this 
connection Juive arisen among the several obacrveAs who have visited 
tiii' mountain, Hie em pi ions have nil occurred in a single c niter, the 
siinulled old crater, in distinction from the one formed in IKJd. This 
crater is mar the summit of the mountain, but is partially encircles 
oft the northeast hy a remnant of a much older and far larger crater* 
which corresponds with Mmil Summit at Vesuvius find uiiiv he termed 
a ' b somnm. b ’ 

Al Mont. Pi dec there is also a sonuna. and on its southwest side is 
the crater known ils Khmg Sec, which is now in eruption, A smaller 
summit crater, formerly occupied liy J^ic des Palmistes, occurs to the 
ncrthcasl of the one now active, and corresponds in a general way 
with the crater of 1KH on St, Vincent. While several olmerm* 
have reported the existence of at htLsl two mbemteft—ona 00 
tins cast and the other on the southwest alo]w of Mont Pet6e t 
the former termed the “Falfttae crater 1T and the latter the “Riviftre 
IS In 1 1 die e rater" a careful con side nit ion of the evidence presented 
falls tn show that these arc true renters of eruption having deep 

i* Keprintrd hy ptrcnlasdim* after revMinu by the wither* (row the Kaiinpni Cko* 

Itfttptriv3lflgftziiu% Vfll MU. No, \2 t Dwtnnbw, tQ6&. 
b\ I Ml of the pftptnH referred to M prMenU’cl at the rad of this *5-wiy + 

mt 
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snutt-ca* U resit explosion* have uci-unvit, however, at each of the 
localities referred Eo, which have thrown large ipiautiries of dust mid 
mud ■ 31 lii-iylii of several hundred Foot, mt -1 -» L rsl out vtwt volumes ■ *f 
stcJlai to n height of many thousands of feel; hut these phenomena 
an? seemingly the some* nil hough smirked hy greater energy T tis hnve 
been observed in si large number of instance* on holli JMli rMni^jin■ and 
Sl Vincent, when 1 the hot dust, Inpillb stones^ etc.. inerted from tlu- 
siuinnit crater in each insfcaua?, hm-■ uveumillnted ton great depth and 
barn invaded hy surface water. While the suhemters mentioned 
ahuuld not T in my opinion, F»e eonsideivd as Erne volcanoes. they simu¬ 
late many of the phenomena attending actual eruptions from deep 
conduits, The eohiiiLits of steam, heavily ( barged with dust and irnul. 
a hhii arise 1 from them have th© convol uted or cauliflower structure, 
end ut tunes expand ni the top am! hike on mushroom sb;rpv> in much 
I he same manner as do the columns "f steam similarly charged with 
rock fragmenthat are blown Into the air from a primary crater. 
In each nuw the proximate ciiuae i> the same, namely, a steam explo¬ 
sion. The solid Uniterm l Mown into the air in curb instniKc ■> also id 
the same nature for the reason that the hot dust and slones, to which 
tho tfuperiii-inl expkisi oils arv due, were supplied hy the eruption of the 
summit uniter. Since the observed phenomena are so similar, it may 
1 a-linked i What is the crucial test by which a true crater may bedbtin- 
guislird from n psamducrater? To formulate a definite answer to this 
ij nest ion is dilliciiit. Perhaps the lie*t reply that ran be offered \< that 
the psfliidocmtefs* arc later in the time of their appearance than the 
ruuiu eruptions which supplied t In- hot nude rial necessary for (heir 
production. and that they octalr when she tupDgmpbSe conditions 
previous to the eruption* favored the accumulatem of n deep deposit 
of hot debris fn addition, on both Martinique and Si . Vincent a com¬ 
plete gradation in sbee and energy' of tH«- superficial steam explosions 
haa liecn observed. ranging from sum 11 geyser like spoutings (PI, 1), 
such as have occurred at bund rods of localities in valleys that were 
deeply filled with hist debris, and even on broad and com|*arnlivety 
smooth surfaces covered with it thick sheet of similar material, up to 
the markedly energetic explosions in the valleys of the Fahdsc and 
Riviere Blanche, In many instance* the smaller surface explosions 
have been observed to follow heavy ruins, and the same is true also of 
the larger explosions refem*d to. The main explosions from rlie 
summit crater* have not only hern vastly more energetic than any 
that have occurred ut the site* of tins p^udea-ratora* but the debris 
blown nut wan in can deuce tit, while f tti- material thrown into tho air by 
the ex plosions in l he hot accumulation* in the river valleys has not 
been observed to Im> even red hot. The minor eruptions from the 
summit crater, however, may he due to precisely the saute immediate 
cause ns the eruptions of the prteudecmtois^mimdy, the tictvs* of 
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surface water to highly healed reeks* so that an apjtttrentlv complete 
sequence may 1*3 observed between the csea]ie of sEeuin from hot 
Ji'brisand the discharges from true volcanic conduits* It h thu->een 
\h\it the dbeuvriy of the crucial tt-s( listed for is difficult* and lb* final 
deeLsioti, if one is mirhi-d* must rest i.im judic ial balancing of nil (ho 
ev idrncu and tile weight to \m given to the judgment of individual 
uk-em-r^ An instructive fact furaiashi-d by Un- psetldocnitcrs (even 
when flu- larger and, lis Millie persons inky think, quest humble exam¬ 
ples are noi considered) which ha* a Wring on the theories nf the 
ultimate causes of volcanic eruptions is the close similarity and* in 
ha-t, idnitltv that exists hefween I tie exp loss tins dtir to surface water 
gaining an-iw to Tied* of hotddbria ami the explosions during primary 
eruptions in the summil portions of true volcanic romluhs. In the 
former instances su rfare water descends into laH-rork del iris: and. 
from the Far I that water is; present in the sujioriiciut portion of (he 
eartliV eru.-U it seems equally manifest in the latter instance that 
highly heated rock rises from deep within the earth and meets the 
^ii L i .. waters- In mi h instance ^letuii explosions result. 

The conditions favoring the occurrence of iwudo eruption- and (lie 
character of the topographic changes prodiu-ed by them are eWrly 
shown in the sketch and section forming fig. i\ VI II* which nccompa- 
nies an instmettvi* article on the “Secondary Phenomena of the West 
Indian Volcanic Eruption*/’ by G + i\ Curtis;- published -hue the 
present essiv appeared. Some of the secondary craters, or “a*b- 
gevser eones.” on Martinique and St \ invent sre stated by t urtis 
to he h' feel high and Hid feet in diameter, with a1o|*es averaging 
*2~t to Si i- - 

Titrifft.iou Me f 'mpffrn* *if the jwnmiry rrai*-**- — p T he variation* 
presented liy the steam columns that ascend from active volcanoes— 
of which the so-called pine tree of Vesuvius is a well-known exam¬ 
ple and which in many instances afford the most spectacular of the 
awe-inspiring phenomena associated with them, have been described 
bv sc vend observers who have recently visited Martinique and St, 
Vincent* but urnst graphically by George Kcnnan. The variations 
referred to are indicative of what lakes place In an active crater and 
in the upper part of the conduit leading to it* nod furnish evidence- in 
reference to the changes there in progress. A ikssification nf the 
various phases presented by the steam column rising from Mont IVleti 
has Wn presented by the gifted traveler just referred to, which in 
instruct i vn: 

“The vii|K»r column aseending from Mont I Vice**’ writes Kerman* 
“ varies great I v from day to day and sometimes from hour to hour, 
not only ia density* hut in eoloV, form, and general apjiearaiiee. In 
Its varying aspects i! may be dwseribed as follows^ 

- b |. The vapor of quiescence: A slowly ascending column nf pi ire 

^Thc Journal d Geology, Yal. Xh Ffcbruarv-MMvb, ISMKJ, Pf HW-215. 
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white stoiim, which hm neither sharp, clearly defined outlines, not 
puff-like nan volutions, and which suggests steanT rising from the hot 
water of a gey rtf? r basin or from the cocapo pipe of a big < reear i steamer** 

The explanation of the i recurrence of such a column from it crater 
of the type of the one sit the summit of Mont filers sketch of which 
by Varum is herewith given (fig* 1, PL li) f seems to Ire that the top 
of the lava column h well lielow the bottom of the crater, und that 
the hot roeb- nre discharging steam, owing to the eontuet with thorn 
of water percolating in from the crater walls or fulling ns rain* The 
generation of steam U a su rface phenomena, and due e^ent tally to the 
same cause sls the escape of steam from hot debris ejected, by a volmno 
and acrumii biting in valleys, etc. The notable feature is the ab?»ntv 
of convolutions and more or less individualiped Iteece-ltke masses in 
the ascending column, such m are produced by small steam explosions 
from liquid lava* oa h frequently the case at Vesuvius* 

"± The vapor of moderate activity: A column of glitter density 
and somewhat darker color, which rolls and unfolds a tittle us it rises, 
and looks like steam mixed with brownish or yellowish smoke from 
the chimney uf a mamifactory.^ 

This stage iiuiv reasonably Ire supposed to indicate conditions sitiio 
lar to those mentioned in the lirst instance, but more intense, A con- 
side ruble volume of water gaining access to the deep fnnnel-slmped 
crater might not Ire vaporised Ire fore descending to the summit of the 
column of liquid or but ]>artially congealed column of rock within the 
conduit* and energetic explosions result. The steam e< dun ms indicio 
tive uf moderate activity I litis ^respond with tho columns j produced 
by the maximum explosions of pseudo-craters. The inner slope uf the 
crater of Mont IVleo is precipitous* and, as several observers have 
reported, portions of its walls overhanging. The fall of blocks of 
Darks from the eniter wadis would no doubt muse a conspicuous ooJ- 
inirn of dust-laden ^tenm to ascend, 

fc *3, The vapor of dangerous activity: V sharply delined dark- 
yellow column of what appear* to be liquid mud, which boils out of 
the volcano in huge, rounded masses. swelling and evolving in immense 
convolution" sis it rises—one gigantic mud bubble breaking up out of 
another in turn until over the crater there stands a solid opaque pif 
tar of boding, unfolding* evolving mud vapor GOO feet in diameter 
and eight or ten thousand feet in height* n 

The appearance nf the volcano during thn stage here demerit red is 
il(u*trated by sketch by Vnrinn, forming Pi. l V, and 1 ty fig* 1. PI. HI* 
When such a debris-charged steam column rises front a crater there 
is no question as to lire presence of a conduit leading down deep into 
the earth. The pseudeverniers never reach ouirli intensity* 

'"4. The vapor of great erupt ions: A straight-aided shaft of very 
black smoke (dust-charged steam), which shoots up out of the crater 
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with il i tvmcnrfuu# velocity* like the smoke of a collossnl piece of 
artillery Jiml heavenward. This sahuft goes to a height of fifteen or 
twenty thousand feet, anil then mushrooim out htendly, so a* to 
cover a circle 5o mites or more in diameter, with a volcanic canopy 

which is as dark us the blackest ..dor cloud and which shuts out 

the light of day like a total er!i|e,e, The projectile force in eruptions 
of this kind is* so great that it throws the I dark vapor fur above the 
inlliii iirc of tile mule winds, and the advancing edge of the volcanic 
mantle moves swiftly eastward '2 mile* or more above the flent-y trade- 
wind clouds tlicit are drift ing in the oppo&ite directum*” 

Something of tlie terrifying grandeur of u great, eruption described 
above is suggested by a .sketch forming PL A , In the making yf such 
n column the volume of water and of comminuted nwk required is 
enormous. “Die volume of the column is In the neighborhood of 
4JKWIJJCH3JMHI cubic feet. 

If I percent of the column i* *alid muLtcr, It equals injHniJM.NI cubic 
feet ei [iinls ajh hmmmi tons. 

If in jier i^nt of the column is solid limiter, it cm|iiii1h Juujmhijhm 
cubic feet equal* 3il,tnNJ,IXW toils. 

To Vw sure, w r e have no accurate measure^ our in format ion living 
almost entirely qualitative; but as sueh a column as is referred io has 
been observed to reach a height by estimate of lDjliQb feet in two 
minutes, it may seemingly he safely assumed that it reached its full 
development in Uw than live mi miles. The coarser of the solid mat¬ 
ter first shot out then begins to fall, and the form of the column is 
maintained hy new matter driven upward from the cm ter. Thus 
during each five minutes of an eruption some 4 t Wo*(KHJ f 0Qp cubic feet 
of debris-Imie n steam wen 1 ex [celled from the crater. The average 
duration of such eruptions is not known, but in certain instances they 
continued for u eons idem file fraction of an hour* During each hour 
that Mont IVWe or Lji 8oufriere was in full Idast something like 
48jNi0 t G00,Q00 cubic feet of dust and stone laden steam wore driven 
out. Oulv guests am be made os to the ei mount of solid matter the 
steam contained. Shall we assume 1 per cent or 10 per rent! Most 
0 Servers would agree, l fancy* nut only that the latter was nearer 
the truth than the former estimnte, but thal the true measure is in 
excess of the larger of the two. 

The material extruded in a solid condition, ns wilt shown Infer, is 
fresh lava which came from deep within the earth; hut mingled with 
It are rock fragment* that were torn from the walb of the conduits 
through which the discharge* occurred. The per cent of old lava 
among the ejected solids *cvius to bo greater on St, Vincent than on 
Martinique, tii bumony with this is tlie larger sUe of the crater of 
La Soufricru jn comparison with that of Mont Pelec. 

The cnblmi>4 nf stiailU of Kerman's type Xo. 4 thin* show thaE great 
volumes of rock are rising from deep within the earth md being blown 
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into tin 1 iiir. If* ns serins proliuble, the energy displayed I> 3 " steam 
column* of the No. 2 ty U all than run be supplied by the steam pro¬ 
duced from min and jtcn’oluting water in the upper purl of the ion- 
duitj it follows that during vx plus iotls of the No. tf type UAh rockaud 
steam uir rising from a depth in the volcanic conduits Presumably, 
then, during eruptions of tin- types No* Simd No. 4 molten ixirk 3s being 
forced up within the conduit of a volcano and* owing to relief of pres¬ 
sure as it rises, the steam dissolved in the motion magma escapes with 
tremendous violence. There are thus two sources for the steam which 
furnish the energy displayed in the summit portions of ascending Java 
columns one from the mm and pert-elating water, and the other from 
a deeper hut unknown source, Hut this attempt Up follow the volrunu 1 
conduits downward in fruity has brought us to the region of specula¬ 
tion and it is time to stop. ui least for the present. 

To the four types of volcanie-steam columns described aljove f a fifth 
might be added to include volcanic explosions like that of Krakntoa. 

Prrjfinrt# of ih* * rupi kmu* The in ate rial discharged from Mont 
IVUV and I jU Sou frit re rimy ItC divided into two poll ions— first, steam 
and gases, and, second, solid rwk debris. Up tip the present time no 
olwm'at ions indicate tbnt moltd* ruck has I«t?n extruded; that "is, mi 
lava streams have flowed over the surface from tin- crater of either 
volcanoes or is-ued from fissures in their sides* 

As to the discharge of vasi volumes of steam, there is no difference 
of opinion to t.w formed in the various reports a I reader rendered, 
ObNcrvur* who have visited the craters from which the recent erup¬ 
tion.*- rame, and have even ventured within them, report only faint 
traces of gases. 3 In- condition^ however, between the time when a 
vniter is i| descent mid when violent oxpioaionH occur within if are 
no don I it different f and a - yet hut little evidence eonerniiitg the guscs 
that limy have been pnmmt during the times of most violent activity 
htiH been uhtnincd, The- most that can l*e a^epted in this connection 
is a plainly' perceptible odor of sulphurous acid noticeable in the air. 
oven at a distance of some h miles tit M-a. win us the volcanoes were in 
11 eoni|Mirativi ly mild state of activity and while walking oyer the 
del iris they showered on their re>|jerhve isiaud>. A much fainter 
©dor of Hulpbim k tted hydrogen is re[Hirted So have hi m present, a% for 
example, among the mins of Si, Fienc. but whether due So gas emit- 
ted from the volcano or liming from organic matter buried heiicnlii 
the still hot debris Is not dwu% The presence of carbon dioxide, 
although asserted or -1 a noised to have been discharged during the 
g mu ter eruptions, has not been proven. The consideration of all the 
u v a tlabl c ev it I e nee poi 11 Is st n nigly to t.lle eo r h diision 1 hat ^(1 ■at 11 was 11 a 1 
chitd vaporous or gsiseous subsiumv emitted „ but mingled with ii were 
iiiinnr tj nan titles of sulphurous and no doubt other tijfuw. 

In the tdhive roi a sect Loll is should be noted that tin lues fthem* the 
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summit of kith Mont tVh-euml La Sou Me re have been reported by 
riOVCllil t r oat worthy wUnrsw^i If (he apj'KJwmntH* referred to were 
in reuiitv tintin_- n ikin I not glowing dust or d i+- naflcetion of the light 
from ineamdeseent rocks hm v&por, it k evident ilisit inthmimaldr gu ^ s 
wm 5 present- Nit.xjwrtruM-niiic olw T i J vidinih to have lieen unide„ 

however* mid until thin k chum lhii s evidence a* to lh^ presenre i 
mtliimnialilc pises in notable quantity must hr received with caution* 

The repork Hint Mum VvUk* mid MSoiifricre discharged mud urn 
protmlily correct su fur ilh would up]RHir fmm 21 distance* yet the true 
meaning would *eem to Jm? that such empriona wore of the nature of 
tin- explosion* in the jPseudo-enUcr or in,the traceraiera (luring inter¬ 
val* Ijetwewn thiMTujitioim Mim it deep aonm\ Hot dust mid Eupilli 
uceumulitting in a miter during quiescent stages would furnish moat 
favorable renditions for the producing of siqiertieid explodiHts where 
ruin (WTurred or springs entered u emicr from its sides. as lias been 
observed* and would produce eruptions similar to those nf the pscudo- 
emtcr T ji.nd mud Hows might result. It is evidently not to lie inferred 
flint either of the VoleaiUK'S in question lists erupted mud from a 
deeply seated source. 

The tfiiiid matter discharged from Mont IV Ice and La Sonf Here k 
utmost entirety in the rouditkm of angular fragments varying In skr 
from those weighing in the neighborhood uf 1J N»i tons to the durst 
of dust particle*. The fragmental materiul is of two classes: Frrst* 
fragments of the rocka torn from the walls of the conduit* through 
which the upward rush of ddhHs-chargnd steam occurred; und T riccxind, 
fragments of hardened lava which had been forced upward into the 
conduits in a piratic condition and shattered and blown out by the 
escaping stcatm In addition to the angular fragments of fresh lava, 
minor qu amities of more nr less spheriml masses of similar inateriitl, 
which were projected into the nil* while yet moderately plastic* have 
nUo been observed. While the term vohardr kjtfib Iuls I ice it jipplhsl 
to much of the ejected iiinternd* it is evident (hut nfily the somewhat 
spheriesil masses referred to deserve In bo so railed, and even in stu*h 
instances there U doubt as to the propriety of using the term. Typ¬ 
ical voliMnie bombs have a round or ova! form* with extended mid 
spirally twisted projection-sat the ends of tile longer axis, the spher¬ 
ical or more commonly oval form and the spirally twisted extremities 
\nnng due in the rotation of the mass during its aerial (light and while 
yet piratic. No projectile* answering this de*eripth>D have jls yet 
breii reported as occurring on Martinique or St. VinreuL The near¬ 
est approach to u character! stir bomb arc certain rudely spherical 
masses of luvn with cracked surfaces (fig, l*. PI. IKIi uml without pro 
jeetious or indications of a spiral twisL Evidently I liese |Knii ly shaped 
Wi ibs arc composed of fresh luvu whieli whs sufficiently hut to make it 
somewhat plastic Ht Ihe tune it wra blown into the jislv. Ipi it whs Umj 
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rigid to acquire thi- typind simp 1 frajurntlj to 1^- seen in large 
luiinlieis of bombs si ho ut certain basaltic crater*. 

The abjure of chiiraetcristic trnEnbs on > [ :ii r l 1 :ni>111 ■ - and Sl Vincent 
is in keeping with the comp i*it inn of the lava thrown out. Tin- fiv*h 
lava is an andesite* having in u geuond way the composition of n 
refractory brick, mid unless very highly heut^xl would not be plastic. 
The dark color of thecolumn,* of steam rolling up from ihe cratei> 
whin in vintent eruption* and the vast quontitles of fragmental 
material showered on l he adjacent hi m l ami *ni is evidence Unit at- 
molten rock was forced up l-lu" volcanic conduits; U became cooled and 
stiffened Indore reaching the siunrnits of the voUsmfw- and was shatE- 
len-d by steam explosions and tin- fragments blown into the air. Not 
only are true volcanic Ixmibs absent, but clots and splashed of phtstic 
or fluid rocks* such ns me common about tiumy Yulcunoe* that have 
■erupted easily fusible material, are also lacking. 

The fragments elected were in many .. a * blown to a height >*f 

many thousuuds of feet, the finer lapilli and dust being mrried perhaps 
5 or n miles high, and on falling wi re distributed in part through the 
influence of the winds, in a general way in reference lo size and weight* 
The larger and heavier masses full near the mtirr-. from which they 
wen ■ projected, while much of the finer and lighten unite rial was ml 
tied grant distanues^ Va Hat ions in the method of distribution were 
caused hy the direction of the hurricane-like blasts which swept down 
from InithMont Peldmuid Lu Koufrftre du ring their might Icr erupt mu *, 
by the direction of the trade wind- and upper-air rnrwitte, and hy 
tomadodlkesu'iris in the greatly dbturinal atmosphere. tiumediately 
following each grout eruption, also, there was a strong indraft of cod 
air froin about the re gh ii i riiyem 1 w i tfa h t ,itdc 1 uds. The viistness of file 
area on which the ejected material fell h indicated by the full of 
du^t on Ihiflfculos. Trinidad, and on ships m 2\~* miles souihrasi of Si. 
Vincent, 

l >h*e nations reputed hy E, O* IIovov show that. contrary to curlier 
accounts* written in |mrl by myself, course material fell in St. Pierre. 
The riddling of (toiler plate* oneTouitli inch thick (PI. VI). in the 
northern purlieu of the stricken city, by stone shot, against them from 
Mont l We, is evidence that the hurricanes of steam charged with hot 
dost, which swept down from that volcano on May * or May ‘20 f and 
perhaps during later eruptions, were accompanied by a hombamliinuil 
of sinriino doubt hot. whioh n* deadly as solid shed lin'd from 
a cannon, 

C r tiH*f* w/' Respecting the general cause of death in St, 

Pierre* the report* of various observer* differ more widely than in 
connection with any other occurrence as>m L i tiled with the eruption of 
Mont Polde, unless it lie in reference to the secondary craters referred 
to above. Obviously nuiny deaths occurred in St* Fierro from the 
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bombardment of missiles that swept through the city, u> just mi n- 
tiovicd* from the fulling of walls and .-iin■! .■ Ip ; I'.■ r-, fnmj the lir+- that 
followed I ho vulcanic blo-i, fmm nm<nw de»vL Him Util iipinion* 
differ m to the princijml eimoe of the losa of life The opinions 
mforrvd to faJl in two groups; { r ;} Those favoring rh<- idea that gases 
were the dr idly ngftncy, imd (A) tho*e which refer the toss of life 
to thy idler is of steam charged with hot dust. 

(«) Wrt&in observers are strongly inclined to the opinion that Moot 
or moreaccurately, the " Riviere [tkn^esuk-mtyr^disclKnr^i^ 
gtmas which asphyxiated the inhabitants of St, Pierre* A- to this 
nature uf the supposed gases,, oj le ;l-e tw-i -iuggesttons tiave Ihihii made 
i mi 1 that it was mainly siilphiimed hydrogen, eh id the other, vartan 
dioxide or some similar gns. Coupled witliJtfao lirst of (3lese sugges¬ 
tion* is the further bypot h> sis that gas ex plosh ins touh place within 
the rlly and added to the deadly i* fleet of the asphyxiating gosc*. '['he 
hypothecs that gases were the direct mu* of the grater part of the 
loss of life, ils churned at St T Pierre, inis not* so faros [ ala aware* Iwcm 
extended to St* Vincent, but the dead and tin- injured cm the two 
islands met thfch 1 fide in precisely similar ways. The evidence louring 
on the ijLLosiioii und^r consideration has been judiciously discussed by 
fieorgo Ki-iiikms, and the testimony of the rede survivor of the disaster 
of May S placed uri record. llad noxious guses, and esjiecuiUy stodi 
heavy oni's as carbon dioxide and sidphiircfed hydrogen„ hewn swept 
over the city in sufficient quantities to kill nearly all the iulnibhuuts. 
it is evident that the occupant of it cell fwlnw thy level of the adjacent 
street won hi have been in a most dangerous pi-itioia This testimony 
of the prisoner nrforred to* as summarized by Kcnmiii. after a critical 
eross-exain] uation, is that he ” heard no explosions ur detonations; siw 
no Himii?; smelled no sulphurous gm; and had no fueling of suffocation. 
He was simply burned by hot air and hot ash™ w hich mine into his 
cell through the door g ruling* 1 * 

It is impracticable to review In this essay all the evidence which it 
is claimed sustains the hypothesis of asphyxiation by gases. This 
wide of t he discussioiL however, lias been w ell presented by EL T. I till 
in the Natiuual Geographic Magazine, in the Cuntmry Magazine* and 
in ('olliers Weekly* and by Angelo HeUpriu 0 in McClure'- Magazine. 
ESre list at end of diia e-say. i 

(A) The efficient)* of steam charged with hot dust, or of cither of 
these agencies alone; to cause scald#, bunts* and even instantaneous 
death* is not open to doubt. The question is: Was the steam and hot 
dust swept over the portions of Martinique Uid St. Vincent at the time 
so iminv thousand people were killed the chief agency in their destruc¬ 
tion? Cumulative evidence has Ua-n added to the varioiia classy# of 

*SuicJ this wm written Heilpciii hna]Uiblijtliisl hi* highly ^tractive t™k K Moat 
IVIV aria the Tragedy of MartlnM^ Iei which the |mndj*l iwwftl death hi sc 

Plemv Mpniu Rd^ etc. t in Jiseriln-I te ilust-huleii niiwni. 
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facts printed by me in the July number uf thfe magazine*” which 
sustains conclusion* then reached, i refer to the narnitsiv of t.i dirge 
Kt'iinau jmhlS^lu d in tlu L Outlook fm'August hi* the prelim inury report 
iiuule hv Tempest AiidfinuiniindiL R Flefct to the Royal Sta tely of Lon- 
don, and tho preliminary report made by E s O* Uovcy to the American 
Museum of Natural History- Although frankly confessing that I am 
not tin un I rinsed judge of Hie printed testimony* yet it seems fair to 
chum that [hr evidence presented is oonelusivo us lo the important 
putt hiken hy steam and hut dust in the sudden destruction of the pim¬ 
ple of S(, Vincent on May 7 and uf the inhabitants of St. Pierre fin 
Mu y S. 

Ifmtttmirtt twfivtutr fAytfti,- Intiinutdv associated with the deslruc- 
tLon of Si. Pierne is i hi 1 directinn Iuk v 11 ]>y (1 io bins! of di ls! e harye*l 
steam* wills its volleys of shines* which swept over the riiv, '["In. 1 
hypothesis 1 IiilL St. Pierre was destroyed by nci ernplum from the 
** Kiyifire Kin nr he suberater” luring rejected, mid the furthcr rtugges- 
13on h liuscdnti the earlier repurl- in reference to the opening of a ti- 
sure in the side of the mountain, not finding MipjtoH in Inter evidence, 
the wav l> cleared for u I H-tti-r understanding of the true cauM 1 of the 
direction taken by the down blast that eume, ils now 1 seems dcEinitrlv 
proven* from the Ktaug See, which is essentially a ..lit crater. 

To understand the nature of the volcanic blast which desl roved Kl 
P ierre, os ii^ needs u> visit the region, swept In h similar eruption on 
St. YmeeuL The volcanoes on these two bland* have not otilv ^hown 
a direct relationship in the tinier of their eruptions* tail the surface 
phenomena exhibited by one is the counterpart uf what took place in 
the ease, of the other. Ihippily on St. Vincent, however, there was 
no deadly populated city within the radius of greatest dust ruction . 

Oil St. Vincent the region throughout which the previous!v luxu¬ 
riant vegcUilluii* phmttitioDS* ek. t wute>wei>i a way or buried beneath 
hot dust und stones* encircles the mountain. The direction in which 
tree.* were swept down, and on the periphery of the devested area the 
erosion of the Writ of trees -til! standing* im the side faring the vnl- 
cLino* ns well ns much other evidence* show in a most com-1 naive man¬ 
ner Unit a Must charged with dust and stones swept down the slopes 
of La Snufricre in idi directions. The influence of lulls at u dktamtt 
of some J: or 5 mites from the volcano in shielding the vegetation un 
their slops feeing away from it shows that (lie topography of the 

11 li fnipmeti ruble for uw tonwl the prqtduf the article referred to, and in the 
Uthw of polnc ul the jlbu#ttttkKttt R iv|ssrudly + there pit ncriccs ernas. In thv tltla n( 
ilitiplate Qpjxwitc page 27ft* should kinubftttut^lfuf “KiUfSufruf 

da- tide uf the phite opposite page 282 tthmild l>o 1 Valley of WalHba River deeply 
llltni with hoi dtfbtfe; 1 ' on j^jo 1ST tin- title of I be i I lust ration should u Summit ci( 
Mofiiu iVOnm^-, fit l*iem-." The map on page 283 fails to allow tlunuvunt tEie 
north end of St \ ineentaa inrlkstod un the uri^inu]. which vnm nul dWTHautt^J, and 
h mneh ^neniti/^t in I killer WHJS, —1. <’■ It 
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land controlled* in u nieiemrr. the Llin-^t eoil taken by the volcanic 

winds, Tim presume© of :i partially encircling ridgc or *.. on 

the northeiLst side of tin; volcano* seemingly un< write for thus *‘SiH|K! 
fimii destruction uf a narrow fringe alkilit tin 1 iLorthcn-t border of the 
island. Tho outward direct ion tlmt the blast took fmin tlir- immntahi* 
it* doer casing intensity with increase in tin- distance it traveled, it ml 
the ubaenee of even hypothetical subunit el's. nil bear witness that the 
heavily dust and stmu? charged steam fmtn the old crater nnir the 
summit swept dowmwitrd a ml outward with hurriaine force* in a 
similar way to the more kw^ll/ed blast from Mnnt IV lee which 
destroyed St, Pierre. 

The oito conspicuous feature of Mont Polee wh irh differs from any¬ 
thing on La Soufriire is the presence in the southwest portion of its 
active crater of a deep notch the Foitte or Turn? Fen duo -which, as* 
stated by lb-ilprin* has been a conspicuous feature of the mountain 
ssnee the eruption of 1H31. and rnuy have L-xi^tc-iI previous to that 
event, ThL cleft i^ in plain view from SL Pierre* and during my 
visit lo tin 1 dead city one could look into lb and plainly sec Lin 1 ruddy 
rone nf eruption with its ascending ^teniii column that was being built 
within the crater. The area rendered desolate hy the hot blast from 
Mont FHee on May 8, and again swept over by a similar lilifet oil May 
S0 t is fun-shaped, the apex of the irtnngle Udag essentially at the 
summit of the numntaiti. The coincidence Indwecii the position mid 
direction of the Feide and the apes of the expanding volcanic blasts 
may well he considered significant* From the various uecuttnisuf the 
eruption h uf Meat Pelee avaiblde, is now sonns evident that the 
blasts which destroyed >u much of the vegetation of Martiniijue and 
wrought havoc in St- Pierre came from the miter with si deeply 
notched rim T and that the direction taken hy the blasts, at least on 
May S smd May a 3K was determined hy that rift in the crater** rim. 

Ah stated hy T- A. 4nggtti% the downward blasts frum volcanoes do 
not require a horizontal nojude to project them, "They are dmply 
the result of the ilmvn blast after the hesivy gravel lias Ijejjun to fall* 
acting against the uphlnst from the tliroul of the volcano, and both 
togetIivr deflected and thrown into terrific whirls or IonianWs," This 
explanation. although briefly stated, may M-emingly U- hiki-n sis the 
leading cause of the downward sweep uf the steam ehutged w ith roek 
fragments on 1 Mitli Mont I Vice and Iji Sou friers. It does not seem 
clear, however* that the down blast* occur only after a towering 
column of debris-charged steam has reached u great height and the 
full of tin 1 heavier material within It has IjcgUJi. Then* again, it may 
Im l asked why it is that every strong eruption is nut followed l>y a 
down blast. 

Variations in the character of vulcanic erupt inns of the type under 
tfflnsideration occur on aremiut nf variations in the energy of the 
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t-Xplosiun* :i]id the degree 1 to ivllieh the sLSrciidlilg x[i;liii i.s dehl'Es- 

elnirged, If tlio energy Js greai and the upward propel! iiig force 
essentially ttm»hin£. it limy well l>e inferred tbit the column, ns 
explained by Jaggar, will attain a great height ht-fnre the resistance It 
offers to the ascent of fresh JmitcruU causes lici h vvpsiTa^-ii nt w\ tile l«i>o. 
If, however, i In- strum driven mil at nay *t:igr in =i ei ---ru|>rion : - ( i Xirs 
lively Smidivl with debris, an expansion and overflow at the rim of a 
cnibr migliUKcinv 110 matter whether the fall of previously discharged 
lunteriat froinninft hail begun or not. The essential feature izi a down 
blast from a crater seems to la- that heavily dtfbris-diarged steam 
in "haves tn many w ays like a lluid and will lluw down strep gradients 
and acquire great velocity when the slope and otlte* features ..f the 
surface over which Li pnign^sc* are Favomblr, Thu gradients on 
the dopes of Mont ] Ylee and Ut SuufriSm. willim the jttpne iff alr^Lrur* 
lion in each ease, tire alamt lJH)o fi^t tn a mile* and, ns seems evident^ 
the finally accepted explanation it* to the control I mg condition which 
gikve direction Eo the blasts which swept them will include tile prin¬ 
ciple just stated. In this connection it L instiiietivo to note certain 
observations made by Messrs. Anderson and Flett* eoiiumssiom’r- -■ -it| 
hy the Koval Society of London to study the re n-nt erupt foils. On 
the evening of ffuly n these griitleiuen were mm Vessel near tarlnet 
and witnessed :lii eruption of Mont Pel A?. 

h \* the dark I Less deepened. a dull red reflection was savn in the 
trade-wind cloud which covered the inmnitiim summit. This became 
brighter and brighter and soon we saw red hot stones projected from 
the miter. bowling dow n the mountain sEojm'S and giving off glowing 
spark*. ^ Suddenly the cloud was brightly ill unlimited, and ibe sailor" 
erie<L ' I he i noun tain bui^ta!’ In an incredibly shun time n 

red-hot avalanche swept down to the sea, We could nut see llie 
summit owing to the intervening veil of cloud; Inil the fissure and 
tin- lower parts of the mountain were rt«-ur, and the glowing cataract 
ptmnnl over them right, down to tin- shore of the hay. It was dull 
red, with a billowy surface, reminding one of a >noiv avulunebe. In 
it there w.rc large stains whs eh stood out ns streak- of bright ml, 
tumbling down and rmUtiiig sliuw.eis of sparks. In a few mmulcs it 
iv:is over, A low. angrv growl had Imr-t fn-iti rh-- moisnlahL when 
thin avuhiticlic Weis launched from the miter." 

Tht" lima occupied by the avaluncbe So reach dm .sen was - possibly 
ti couple of minutes, It could not have been much more/" * * ° 

»« d,onl.i that the eruption wo witnessed wn>u counter 
part of t luff-winch destroyed St. Pierre. : * * The most |H>culuir 

featun- of these eruptions is the sivulandie of iueuiuh^ enL .and and 
the "nut black cloud w hi> h an ompanirs it. The pstdimimtn stairs 
tif the crii|itmn T whirh may weupy u few dav^ nr onlv el few limirs, 

,l] . . . >tcam, tine du^t and atones and (fjedisohurre iff 

the crater lakes or lurreitttf of waiter or mud. Su them these is sloth- 
mgun.tsuah hut as soon ns the tlmait of the s ruts r i- rcfti lied, a insist 
of isieunde.ecnl lava rises and rolls over the lip ..f the ernter in the 
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furmof anavnhmdie uf ml-hot dust. Ii is a lava blown to pieces hy 
tbiM-xiMnHioD (if tin- gnaiw it contains* It niches down the slopes of 
the. bill. carrying wiih it a tern lies blast* which mows dow n eveiy thing 
iri its jriLtli. I In 4 mixture uf dust an d gases behaves in man v win s 
libe a. fluid. Hu 1 exact chemical ruinpo>Itiaii of these g*isoB tv mains 
unsettled. Tin-y npptininth' consist principally of atuam nml sulphurous 
mid/' * * * 

I in' urc^mnt just quoted of a typical down-b]ie4 from a volcano, 
seen under favorable conditions by trained observers, is perhaps the 
hast evidence on muni from which to judge of ilia nature uf certain 
phases of sevL-ml of Ilia recent eruptions, In the instance cited them 
dor- not seviu to have bran a lofty ruin inn of duat-cfiMged steam 
standing above tlu- simuuii of the mtmntam which deflected the 
upward Mast from the verthad conduit of the vokimo, but, owing to 
the density of the mixture of strain and dust driven out, it overflowed 
the lip of th^ crater mid rolled down the mountain side. That 3> cine 
Condition, m previously stated, which may bring utsont a marked vart- 
Eithm in the nature of an eruption, and in fact furnish the chief eun- 
trol of the secondary phenomena -the density with which the steam 
ext nided is charged with solid tnatter* This is unlit inn may obtain 
rout ml even whan the explosive violence is not enough to drive the 
d List-laden steam lu a great height, Thu degree of romminut ion would 
no doubt be another factor Influencing the result. The finer the solid 
material mv& comminuted, the more fluid-like would 1^ the mixture. 

Jn an eruption like iliac described above the topography may exert 
a decided inflnenrc. During eruptions of groat, but uf not the maxt 
mum. intensity the deep notch in l he south west portion uf the rim of 
the active crater of Mont Pdee would give direction to the escaping 
dust-charged steam and determine I he course the expanding nyotandie 
would take. In tint absence of such a notch, as in the case uf La Son- 
ftBrii. the overflow would he radial. A more intense eruption from 
Mont I Vice might also be radial* the notch in its rim failing In influ¬ 
ence so completely the direction taken by the greater discharge. This 
is what seems to have occurred during the later enj pi ions of the vol¬ 
cano, when Moron Rouge and other villages were destroyed; but in 
addition, the growth of the cone of eruption above the rim of its 
encircling crater destroyed the influence of the vents, and the later 
eruption spread in all directions in the same manner as on St.Vincent. 

}fwl fwm* The valley* on I he lower slopes of Iiotli Mont IVIcc 
and 14k Soufrlere haviv in numerous m-sliiitres, bem tilled to a depth of 
4o to lio or more feet with hot dust and stones, The at realm have 
thus h-en displaced and are striving to regain their rig lit of wav, but 
as yet, ow ing largely to the washing down uf dnsL lapillb etc., from 
bordering slopes arc making but stow progress with their work. In 
many instances, In faci, the high-grade rills arc bringing to the main 
drainage channels more debris than the master stream* can remove, 
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and the process of valley tilling continues. Water finding its way into 
tlit^e bed* of hot debris, ms already mentioned, noise* steam explo¬ 
sions, sometimes of Hindi energy a* to resemble it primary eruption 
from one of the main or tmu craters. These eruptions at times hurl 
hiigo quantities of debris into the stream channels which have been 
partially dea red T thus pr&duehig daim and causing smut I lake* to form. 
These water I indies rise until they overflow the accumulation of loose 
material restraining them, when they are rapidly drained, and floods 
td water heavily charged with debris occur below where I he tempo- 
mn dam* were formed* Thu mud tlpira originating in these and 
other similar way*. have been frequent on lioth Martinique and SL 
Vincent, and have in several instances been referred to us lava flows. 

—Much that is highly instructive renters about this mminer 
in which the surf are waters are removing the freshly added material 
from the surfaces of Martinique and St. Vincent, Instead of Spring n 
protection to the surface on which it reeto. the fresh debris is in many 
instil nee* of assistance hi its more rapid erosion. Ou steep -.lope.-, uml 
even when the surface is nearly level, the rills formed during the 
numerous tropical showers quickly cut through the loose surface mate¬ 
rial and. aided by the angular particles in suspension t corrode the soil 
or rock* beneath. The rains* as It seems, are heavier than usual, 
owing to two cause*: First* tin* great amount of water contributed to 
the nliiupsphere us sbnin, and* second* the vast amount of dust blow n 
into tbs air* each particle of which serve* as u center for condensation. 
The process of fashioning the tojMigmphy throughout the extensive 
areas from which all vegetation hits been removed is greatly iieerler- 
ntrch This more rapid erosion will, no doubt, continue until the ^ur* 
flier is again plant-clothed* 

The volcanic erupt ions have claimed ho milch immediate considera¬ 
tion from the several geologist* and geographers win? have visited the 
stricken islands that the indirect geographical changes resulting from 
them have not received the attention they deserve. Sot only the pul¬ 
sating streams- of steaming water and their (Kmsionnl great discharges 
of htii mud demand detailed study. but the way in which the under¬ 
mining of hanks of loose debris loads to landslide*, the development of 
consequent and subsequent stream*, the manner in which streams 
develop and mpidly pass from youth to old age, etc.* deserve to lie 
carefully recorded. The streams are not only erodings but dqs siting. 
iVlliis are being formed and additions made to the land. The final 
resting places of the fresh debris which foil on the inlands will lie in 
the adjacent sea, where great quantities of fragmantal voleanie mate- 
rial is being spread out to form *Lratified Intis. 

IIifiVft-Ar fht tott. Reports have appeared in the newspapers, from 
time to time since early in May, of sn-< alh d tidal wave*. As is well 
know in the waves referred tu have no t^onnevtiem with the tides. 
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but urt' similar to those occasionally accompanying earthquake*. So 
far ns mu he judged, however, the unusual waves that have recently 
broken OB thanhuivs of Martinique and St, Vincent have not hern due 
to movements in the earth's crust, such ns commonly produce earth' 
quakes, although some of them may have lava of that nature. The 
waves referral In have been caused, in most uistuitcw. hy tin* dislurb- 
tuives produced in the water of the -sea hy the blasts of dust-W'ii 
steam that have swept down from the enitcr* of Mont LMee and l,n 
SoufritVre. Similar waves have also hoen generated hy the entrance 
into the sea of stu(>e?idoiis mud flows, or, perhaps more properly, 
avalanches of ruck debris and water, like the one which destroyed (lie 
Guerin sugar factory on May A. Again, Innddlidus bnvo occurred in 
the loose deposits on the t drib bean shores of bolli Martinique mid St, 
Vincent, and similar slides, us indicated by I In* breaking of telegraph 
cables, have probably taken place on the stoop submerged slopes of the 
mountains whose summits form tho islands mentioned, Iti these aevend 
ways waves in the sen appear to have been generated. hut in all instiutceu 
they have hern low and but little damage front thorn has resulted. 
The earthquake shocks that accompanied the recent eruptions have 
been comparatively light , ami. su far as ean In 1 judged, not of such a 
nature as to cause largo waves in the adjaecut ^ea. The earthquake 
shocks, however, may and prnlmlilv did bring about the descent of 
some of the landslides on the nuirgiu of the sea and mi the steep sub¬ 
merged slopes, and in this way me indirectly mvoimtublc for some of 
the sen waves. 

Ltmdditb *.—The In mist ides just referred to occurred principally on 
the west side of St. Vineent, to the north of Chateau lie lair, where 
strips of nearly flat alluvial land, adjacent to the sen, liuvc disappeared, 
leaving fresh binds of loose debris some -<o nr -iii feet high. It has 
be el) suggest is! llmt this tiisqqs-iiitmre of land, and in one Instance 
gf the site of n village, was due In movement along a fault—that is, 
the lubsidenw of tin 1 rooks on on*' side of a deep fracture in tin. 1 
earth’s mist—but the evidence di k?s not seem to sustain this hypoth¬ 
esis. Tin-lands that have disnpiieaml, ns shown hy the escarpments 
remaining, were compos'd of micorisollduled debris, deposited for the 
must part direetly by streams us deltas. This loose material, resting 
on the steeplv inclined rocks beneath, was in a position to Im- easily 

dislodged by earthquake . .ks, hy the rush of mud avalanches down 

the valley, at the months of which the deposits hud lieen made, mid by 
the return waves w hen the sea was disturb'd by the volcanic blasts or 
hy mud avalonchea. The changes mode hy subsidence of the land are 
■Hit great, and, as several oliservers have stated, limy ivnsmuil>ly lie 
accounted for in the manner just refemnl to. 
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The breaking of telegraph cable* u few eh tics offshore from St. 
Pierre at the time the city wsu destroyed ami during Huljsequeiit erup¬ 
tions of Mont Polee attorns tiest accounted for on llwtsupposition tlmt 
landslide* occurred on the steep dubtnergrd -dopes* similar Co tliti.se 
observed at the margin of the odjai^ut laruL 

hi* * i nwl — ■* Die graphic accounts that have been published 

of the recent? eruption give a I letter idea of the magnificence of the 
electrical phenomena accompanying volcanic explosion* limn was pre¬ 
vious)^ attainable. ITkese observation* show thut an interesting mid 
ilJilic-uEt problem here awaits solution. The most striking phase of 
what is assumed to have been an electrical display during a primary 
eruption of Mont Feleeon the evening of May is thus demerita j d by 
George Kerman: 

"The feature of the eruption that made the deepest impression upon 
me was the stellar lightning. The uprush of bhu'h smoke, the glow 
over the crater, and the shower of mean descent stones and cinders 
were id] phenomena ihiti laid been observed and described before, but 
the short* thin sLlruks of lightning, followed by sturdtke explosions 
in the volcanic mantle—notonlr&bovu the crater, but miles away (tom 
it were entirely uew r The distinctive characteristics of this light¬ 
ning were the shortness of the streak, the comparatively great size and 
brilliancy of tho spark, or light burst, ut the carl of the streak, and the 
single (looming report that fullowcdi Sometimes three or four great 
S|Hirks* con mx b ted by fiery streaks, would, lash together in I his wsy T and 
at other times the stars would hurst so far bock in the cloud that the 
streaks were invisible and there was only a circular irradiation of 
the vapor* If there wad any storm lightning of the ordinary kind 
in the earlier stages of the eruption, it was so much less noticeable 
than the Stellar lightning that 3fc escaped my observation, and I urn quite 
aura tlrnt there wm no rolling* reverberating thunder at all until near 
tlio eh»e of the display, when reddish lightning lndts began to dart 
down on the volcano from the developing storm cloud over the crater. 
Before that time nil, or nearly all, of the elect rir discharged hud muled 
in stellar Light bursts, and all of the thunder had been made up of 
stqHirute Lind distinct reports, like the thunder of n heavy and rapid 
cannonade," 

Supplementing the aTkivo account we are fortunate in having an 
instructive picture of a night eruption of Mont lVice, drawn by 
George Vtirian (PL V), in which the appearance of the so-culled 
stellar lightning is well Town* 

In reading Kcntiun* vivid description with the aid of Vartan's 
equally faithful sketch one can scarcely avoid making the tentative 
auggeatiou that the streak* of light and brilliant explosions* appar¬ 
ently resembling the trails and occasional bursting caused by meteoric 
bodies catering the earth's atmosphere, may have been due to intensely 
heated .solid projectile* blown out of the volcano and entering the 
oxygen'-charged air* 


YOU 1 A K IC Klii’ltH OX ARTIS i g L’ K A NT> 8T, VI NO ENT. 3 d 7 


fJtfAcrjpA'—A final report on the ruoerit and p=t IH continuing 
eruptions of Mont Fd£e and Lu Soufrivre must include the evidence 
in rrfc renew to the Hounds generated, the earthquake shocks, the areas 
on which dust fell and its relation to the direction and force of air 
currents, gravity wave* in the air. inline nee of dost in the air on sun¬ 
light, and. most interaatmg of nil. as well as tin* most novel, the magnetic 
waves generated, which were recorded almost ihstantumHiusly at prac- 
ticftEy nil this automatically recording magnetic stations of the world* 

TAa «tudtf &f th< Orth's hit* rlm\ Perhaps the chief lesson taught 
by thr recent volcanic eruptions hi the Ami lies is the meager ness of 
our knowledge concerning the interior of the earth. In this more 
pointedly perhaps than* in related fields is the saying true tliut IL the 
known h hut a small fraction of the unknown*” In this study of the 
earth’s interior, the search for the ultimate omsca of volcanic erup¬ 
tions, etc., ii visit to :ui active volcano is most instinctive and sug¬ 
gestive, 1 nit siaii investigations should not end with the n-ssatiou of 
the outbreaks. 

The man I festal iona which reach the earth’s aurfaca and on which 
our judgment m to thr condition of its interior must he chiefly I used 
are movement;- in the rocks, earthquakes, escape of heat, magnetite 
change-*, etc- While several of the phenomena referred to become 
(Specially prominent during volcanic eruption^ they are not eon lined 
to stu b incurrence* or to tile vicinity of volaiiifr vents, hat muy be 
studied at all times tuid at any locality. Among the records which it 
is desirable to obtain and from which some judgment in reference to 
the condition of the birth's interior may In> had are the occurrence of 
eu rill 11 nukes h their character, direction of motion, locadoh, both geo- 
graphkiil and vertical* of their centers and all else cu nee ruing them, 
and changes in the magnetic condition of the earth. (H Merrill Ions in 
these direction* are highly desirable in the vicinity of volcanoes in 
order tiait they may mtvi 1 us danger signals, but may yield valuable 
returns when curried on elI a distance from atl centers of volcanic 
distil ibsmce. 

In this i*a 11 neetion 1 wish to suggest that the National l i co-graphic 
Society can make a substantial addition to our knowledge of the earth 
by maintaining a magnetic and seismographic observatory. Ja'L a 
-tart he made by placing in our Hubbard Memorial Building the best 
instrument- of the nature just referred to that ran lie had, and extend 
us.siata.nce to individuals, colleges, etc., at as many other localities m 
practicable T in establishing similar uWrvalorLcs. 
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The niKigamno Article, report*, etc- T ooiicetn]ii^tbe recent eruptions 
in the Anti lie* which I have seen are a* follows: 
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Will. so filler n held us (hut which h iHiiliniccil l*\ geogmpbv iMjfure 
ns, I feel ii tittle doubtful whieh way tu turn murder to gather into 
one short -‘■pntv lk>irli the m-ords uf n-s-i- jiI geographical his¬ 

tory and to present to you at the saftie time illu-truliuMs of some fixtnl 
principle which in the eourse of the development of our geographical 
knoii ledge must govern the progress of it. Lust year yon heard 
from Dr* Mill a most excellent summary of the present phase of that 
development in this country. You Umrd not only of great activity in 
the wide world uf the unexplored nnd unknown. but of juwv efforts to 
train up a fre.>h generation of explorers; of new srhmd* springing up 
among us; fivshrvidcriiv of the fw iris that is in us that geographical 
knowledge (Hunts the mud io commercial hhvi^-s happy intimations 
of the existent of a yet higher faith the faith which I adieves that 
■scientific knowledge of the world's physiology is worth the getting for 
it> own sake, whether it paves the wav to golden success or not. 
And now. while recalling the chief geognijjhh.nl events of the year 

that has parsed* while n .ting the landmark* on the mud to a higher 

gi"Ogm|ahicnl rducat iuti . I would also elaiin your attention fur a brief 
space to n few teehniml problems which IhnscL thr business abject of 
future procedure, and which, *o long as we make it our boast that we 
belting to tin 11 biggest empire in the World, ought most eertainly to 
at (met our enthral intention. 

The unknown world i* growing daily smaller, It Is, indeed, nar¬ 
rowing its area with a rapidity whirl] is alisolutnly regreitabliv Jf 
yon think of those delightful days when die men who went "down to 
the hui hi ship* * brought gold ami ivory to the step* of Solomon'* 
temple* believing that beyond their uautienl ken all tie re*E of the world 
was but lint emptiness; or even ivnturie* later, when Mum* Polo's 
truthful Inles of Asia were din-mliLcd m wild fables* or, again* in 
almost modem times, when Vasco tie Huma t^nt his knees in pious 
jjtwyrr ere starting on the 1 mem nee ring venture which was to change 

irAcklffe*- le gw^rapliuxl section nf BHtMi Aweyeifitiun lot tlie Advi&cesmeat nl 
Btiono' Re|hril]lol fn-ni HepiM ESriti-h Ass^iflttari 15*13, pp. $62-677* 
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the destinies of the East* you will find it almost impassible to look at 
the well turned out maps of to-dny f wintering wbtfi* rmxl it umy ho 
poHsthlc to strike n new fi-Ature or unfold a new vista to geugruphiezi! 
enterprise, without *omrShing like n sigh, Hut it is with the world us 
we find it limped to-day that we have now to do, setux^hjiig out the 
position of such hhi.uk tfpftce* us still exist mid considering the best 
mein* of diidiiig with (he vast urea of its half-exploited siirfaie so us 
to obtain the best result* W the linn- and lalmr spent on romplethig 
our knowledge nf it. 

A N'T A l [f*T n I 'ROM 'E€Tf*- 

Jo the piihr regions we naturally turn tirst, for they Imtii the 
special domain of modem initial exploration. \\* m urn very fui vei 
front having elucidated the great geographical pmblciiis of sou and 
liiinl di>tri1nirimi which lie hidden under the depth* of (^iIhntvhIjiI 
ii o, Weoriiv know* indeed * f tom inference Hint id one etui of the 
world then- exist* tm utimBpptul sm imd Lit tie 1 other mi miiiiApped 
continent, round the edges ol which we lire even now finding our way. 
When 4 lie fti a #nf*vni left the Now Zealand port of ( 'huhrie r* mi Ih^em 
irtrr lH last for the Soulli Tohir regions thin was the quest whirls* in 
ttm moHesi language of her originator. Si r 4 lenient* Mat Minim lu\ 

Iwfore her: L 'To determine ua fur us possible the nature it ml extent of 

tin- South iVdur Iliads" mid to . .luet u magnetic survey, + If we 

look ut the unexplored area of these South iVdur lands us a whole mid 
examine the |i1aii of international geographical Hiinpuiflpi whieh hits 
piov iiceu directed against diem, we shall find. 1 think, tied the pres¬ 
ent enterprise H hv far the most complete and .-ysli-niut ir, as il is the 
most si-ienlitir. that hm yet lieen Lindert&ken in the far south. It is 
impossible but that great iTHidt* slum hi he attained from mi ^uuplcte 
an investment of the unknown nmirn^fit. 

With the * in vest ignitions, which will he ihreslrd h> Vie- 

hwia ljjitid the land of the Idstorie volcanoes Ivrchu* and Terror — 
from the side of Tasmania and New Zealand* will He iiM-sociated ar leusl 
three other expeditions* all aiming at a final solution of the South 
Pole problem. From South A liter sea Otto Nordmiskiohrs expedi- 
don ha^ taken the abortest sm route past the South SbetSands to 
(rrtdmms Land and ha* already jiusS'd n winter amid the ire. From 
Smith America. again* tlie Scottish expedition under Bruce will work 
its wav past Saiidwiris Island* skirting the Antarctic Circle,, some 
fin to the east of Nordmskiokh almost on the OreeJiwteh meridian 
and a^ nearly opposite en possible to the J}wxmrti# aKaek from the 
other side of the jmjIi** white In'twmi the two will he the Oercnan 
r\|leditien of the Zoidsw* pushing southward u1nmi die uu rcdiiin of 
no K., ti worthy rival in scientific equipment tu our own ship* die 
/tiwrn'tTtfi. And there is no branch of scientific inquiry ivhieh will he 
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advanced In ibis intiu’national attack mi the gnat unknown southern 
kind of inoiv interest lion that, which [lertainj* to the history of tilt* 
world's geography* Independently of securing a firmer outline to i In* 
vague definition of soil them kind ureas of the present day* it is there 
tbut wi 1 hope to find io idenres of another distribution of tho^e areas 
in primeval times, Khali we be able to truce the l^tagoniun forma¬ 
tions, those recent hafttliu 1 lavas which overlie trees, I ary oral that 
point in Gmlmms Iuind where we know that they occur again, to the 
Aoatmlian aide of the SiJ-utherii Polo? Shall we find that Erabti* and 
Terror itlv hut Elio- natural exl-nision of that magnificent arruy of vol- 
i'ariir- rones which overlook the Phritie from the Patagonian Ando' 
Will the Miohiiiiu. the great turtle of Patagonia. nut unknown in Am- 
tndiji. complete with his furies another link hi Hint chain of many 
evlf h ?ti, s ics i hat I *ut ugi m ia and A i m I i n * >n* a- me I ar rt »s t hi- ext re nu *■ 
south I You may say this h not geography. I hardly know whether 
in these days h \s still necessary lo plead that between geography and 
natural scienre*. whether of geology* biology* or anthropology, Ihe 
connection is- so intimate that in ihe actual field of ivseurcb it is 
iinp'^ilde to tltM'OTinei-i them* geography i" but a develop* 

menl. and while the process of its evolution is perhaps to lie found in 
strictly .giHilogiotl fields. M bus sp modi tied and in flue turd the proli 
tenia of life and the distribution of it throughout the world that a col 
lector of facts [ike myself find* it convenient to accept, for the mere 
sake of simplicity* the science of geography ft* the tiest hud* for 
divergent inquiries into many other scientific fields, which can be dif 
ferentiilied at. leisure by the natural philosopher* 

NECESSITY rolt STtlOT *W U m Hi IfAl’II Il'Al. HISTOJ1Y, 

Hut while we are justified in expecting mueli from this great inier- 
natioiiEil movement, we ]niL*t still moderate our expectation*. We 
must admit that in the field of purely naval exploration we have not 
the same development* in mechanical and instrumental areessoric* 
which 1 1 lare within our reach the possibility nf eonduirltug land expe¬ 
ditions on far more M.dentilio and exact me Hind* than were ]H>*dble to 
iair gram [father** Wireless telegraphy. for in^nimv* will not yet ena¬ 
ble a ship find Hound hi arctic ice to determine her liUiffifcudc, and tins 
restless ocean still precludes the use of many of the more finely grndu- 
ated instrument* which are essential to the exact measurements per¬ 
taining to triiingutatlcm, Methods ami instruments, indeed. will not. 
differ materially from thaso adopted hv Franklin or by Roksiuore than 
hull a century ago* Hotter instruments of their class no doubt are 
within reach, ovvjpg to the extraordinary accuracy of modern produc¬ 
tion; lull I Hotter hands to laid them it would la; imjJOssiNe tu find. 
We are often so pleased with ourselves in these days that we are apt 
to forget wbnt ha* l>een done by our geographical forerunner* in the 
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same Hold os ourselves. I have but lately returned front a journey 
full uf geographical interest which hton curried me over some of the 
trucks left many year* ngu by si British f^ciexitifio expedition to the 
South Scsu*, which will be ever itsgociu led in the memory of till geog¬ 
rapher with the names of diaries Darwin, mid EL M. S, With 

the w ider scope for gathering interaction which is afforded in these 
days by the growth of civilization and the shooting out of its long ten¬ 
drils into the waste place* of Patagonia, it 1ms been possible to verify 
some of tin- suggestions us to the structure mid geographical configura¬ 
tion of thsi,t southern continent which were offered hy the observations 
of Darwin* and to examine here and there, in some detail, the results of 
recent Until purveys in testing the accuracy of the roast outline and of 
the coast suit ratings estnldished by the Htugh* Of the former 1 cun 
only >ay that they seem to mo prophetic: of the latter, so little change 
Inn* taken place In South American roost configuration during the hist 
fifty years that practically the charts of the B&tyh are the charts of 
the Chilian and Argentine admiralties of to-day, w ith hardly a notice- 
aide variation. Such magnifieGUt results as were achieved then are 
hard to Umt at any linns We do not hope to In":it them. \\V can 
only hop 1 to imitate them. They stand good for all time* and it is 
useful to mull them mm and then In order to emphasize a truism which 
is occa-Hioiiully overlooked hy modern geographical explorers, U is 
not the must recent work in the field of exploration which is necessa¬ 
rily the most valuable. One of tho great sins of omission in modern 
exploration H that of a failure to appreciate the efforts of preceding 
geographers in ihe same field of research its ourselves-the want of a 
patient absorption of all available previous knowledge before wc 

attempt to add to the ..if it. We are not all of us gifted with the 

Patient determination of tlmt great traveler Sven Ifedni, who spent 
three years in reading alkwl central Asia before he w rote a word on 
the subject. ]t can not he too strongly urged In these days of imirow- 
ing lie Ids for activity that although geographical research is essentially 
an active function of im active life it demand* vet more and more, as 
time goes tm, the application of the scholar added to the determined 
energy of the explorer. 

foicmath in or a central comiiittke up iirografhxcal adviserr. 

It is in this connection that 1 would advance a suggestion which I 
have already heard discussed hy travelers anxious to apply their ener¬ 
gies in well directed efforts; toward the acquisition of really usefnl 
scion 11 he m formal ion. Jt concerns the possibility of establishing a 
central geographical committee which should gather together expert 
knowledge in all branches uf natural science, and t>c prepared to give 
technical advice to travelers and explorers* not only as to the literary 
sources from which the best information nmy be derived} but also to 
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furnbh hints jls to the liest localities for researeli in tuiy special branch 
of science This we mid certainly shorten I he p n-I a 111 i e i :i ry labor of 
collecting information; sunt in many ni^ when ex|H j dit tonsurc planned 
ist short notice if wtmltl he invaluable in indicating opporluniticrf fur 
special research which would otherwise Ihs overlooked* It is >u much 
inure frequently want, of time, nit her than want of inclination* which 
prevents the acquisition of that preliminary mid must essential knowl¬ 
edge which alone t-an rightly direct, the effort to the opportunity and 
lit the two together, that I have much sympathy with the pathetic 
appeal of more than one young explorer who has complained that it is 
necessary to travel all around (amdon in order to find the man (to sny 
nothing of the book) who will tell yon i» concise language exactly what 
to look for iik the kind which von are visiting. 

raSTBifTIOK OF THE WORLD’S "TERRA tUCOUBUTA*” 

It is ? however, when we leave the high seas with their almost. Sitcx- 
htmstihle store of unexplored ocean floors and inbound coast ]inland 
turn from Oceanography to the more familiar aspect* of laud geog¬ 
raphy Hint we find those space* within which ^pioneer" exploration 
can be use fully curried to lie so rapidly contracting year by year as to 
force upon oar attention the necessity for adapting our me Lin id* for 11 
progressive system of world-wide map making, nut only to the require¬ 
ments of abstract science, but to t he utilitarian demands of commercial 
and pd it Seal enterprise. 

ASIA. 

Take Asia, for example. Nearly half of the great continent pertains 
to Silierhi, and within the limits uf Hessian territory (he admirable 
orguiiiration of her own system of geographical exploration leaves no 
room for outsiders to assist usefulhq even if political objections did 
not exist. In central and ^mtltern Arabia there is undoubtedly ^rill 
mile]i to burn, but of the remaining countries which intervene between 
the Meditcrnmammiri India, of Persia, Afghanistan, and Baluchistan, 
it ran only lie si id UuU the work of thu geographical pioneer has already 
ended where that of the engineer and surveyor Ims commenced. In 
the Farthest East again—in Manchuria, < Tina* Tonkin, and Siam there 
is much more room for the practical exploration of the road and rail¬ 
way maker Hum there is for the irresponsible career uf lie geograph¬ 
ical traveler. The highway from Chinn to India i* almost ns well 
known as that from London to India, and the activity of railway enter¬ 
prise in the south of Asia bill* fair to rival the triumphs of Silieria. 
It is only in the central deserts of Mongolia and the wastes of Tibet 
spreading southward to the Himalayas that we cun tint! untrodden aims 
of any great magnitude* and even in central Asia liefore venturing on 
u skitement of future possibilities in the lieSd of exploration, it would 
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well lo wait for ili^ sword* of that most intrepid trim-ler, Sven 
Urdus. who pi-omisos us material of scientific und historical interest 
m the result of his last three yenra* travel far in excess of the niotm- 
mental contributions which he Inis already made public. Historically 
the interest of the world of imjtnrr in Asia where we find the origin 
of the great races of the world and the birthplace of all religion* must 
always Ik* immense; hut that history can only he elucidated by n clear 
illustration of the great highways of the continent which were open 
to the vast migratory liiuvement* of mankind in prehistoric periods. 
Wo do not in the toast understand the condition of dinmtauor are we 
quite certain even of the relative distribution of land and water in 
high Asia in the days when its a warming population first. Hogan to How 
south and west, carrying the elements of a language which wo have 
been accustomed to regard m primeval into the swamps and plaint 
which lay beyond the Himalayas or the Caspian. It is only through 
geographical research that some dim outline of those early stories eon 
\m realized; and el! though the researches of Stein and the marvelous 
discoveries of Sven Hedm around the undent lake district of Lob Nor 
will, after all, only throw the world’s history hack fora few centuries, it 
is by mentis of these first steps backward that we mis feel our way to an 
approbation of the earlier processes of lliis phase of human evolution. 
Nor in the interests of utilitarian commercial speculation isgoograpbical 
research in Asia yet to Ik* set aside. We indeed know com punt lively 
nothing of its resimivrs it] mineral wealth. It is quite within the 
liounds of possibility that one of the great central treasure houses of 
nature lie enveloped in the geological axis of the highest mountains of 
the world, and dial we may yet lie enabled In explain why every river 
which flow* from Tibet washes down gold in its IxkL Hut ibis will only 
ho when the Ti he tan Lniiui is prepared to shako hands with the I" it- 
lander; und I fear that recent South African history will notencourage 
the ojnbmtce, Meanwhile there is no more promising field still open tu 
the bona tide explorer than that of Tibet and the furthest ranges 
of the lllmulaym Few people are aware how vast an extent of the 
Himalayan area still remains untrodden by any European This is 
due to no want of enterprise on list' ^sirt of our Indian surveyors and 
political officials. It is due partly U* physical i miccessibilUy und partly 
to that intense {and easily utidotalood) objection to the Interference of 
the stranger in which many of our truiiafronticr neighbors permit 
themselves to indulge. Nevertheless would I commend to those who 
still desire to walk in the rough und thorny path of pioneer geograph¬ 
ical discovery a similar enterpriao to that of our aforetime secretary, 
Mr. Douglas b reshfield* who lately succeeded in passing beyond the 
hoiiinL of officiid i-xjdoratSoii into the eastern Himalayas. We have 
butt many travelers in the Himalayas, but they have not always dis¬ 
tinguish ed bei ween the fascinating pleasures of romantic adventure 
and the earnest pursuit of geographical business. 
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To Mr. Fresh field we certainly owe tin introduction to it now vista of 
great scientific interest in the study of the formation mid movements 
of glaciers, Hers perhaps, we sire trending gently on the -kin- of 
geoliigiciil science; hut I have never yet found that jiurt of ttn- world 
where the careful study of local geographical conformation will not 
in evitahJy invoke an inquiry- in to geological instruction. We umat 
accept the inevitable criticism and go on with our glaciers. W here in 
the world can there lie such mi area for research into the conditions of 
glacial formations as is presented by the Ilumi lavas? 1 grant the 
phynieu! and political tlilfiutttiles in the way to which I have referred, 
[hul still well within the limits of our own red border there are glaciers 
yet to he studied, which, if not the largest, art* yet large enough to 
satisfy the loftiest aspirations, and beyond that birder the difitrultios 
of approach nre lessening day by day and are im longer so formidable 
that they need hinder the steps of any determined explorer, 

SOUTH AM K UK" AS GIAVIEBS, 

The speculative interest in glacial movement aiitl their influence on 
the geographical conformation become far greater whim one moves in 
a country which has been recently shaped and pdished, grooved, and 
fashioned hy glacial action; when huge blocks of granite or porphyry, 
standing sentinel over terraces and ancient glacier beds, witness to the 
passing of icebn-cs in prehistoric setae. Such conditions one may find 
in two widely separated areas, viz, in the Pamirs and in Patagonia. 
What causes led to the formation of the first Vast ice cup of which the 
glacier is tin' latest evidence: what caused its disappearance, its reap¬ 
pearance; why are tin- glaciers again w ithdrawing from the mountniiis, 
and what causes (In* universal process of modern desiccation, of which 
there is such ample evidence in the Pamirs, in Baluchi statu in Ptita- 
giiuiaf It is to the Himalayas that we turn first for an answer to this 
question, but there are other lie Ids almost ei| iiallv promising* and ime 
of them is to be found in South America. Xo one now run pretend 
a 11 v longfi-r t h n t wo k 111 > w p n ut li Eng * i f Pa tagotila. I a rulml>!y r 11 > con i it ry 
in the wnrlil has been described by so many geographers in >o many 
different ways: there, at any rate, is a land of glaciers and -now fields 
awaiting research w hich presents few of the phyrival difficulties of the 
Himalayas. Here is a wonderful country truly, where gkemra fetich 
down to the st*Ji hi low latitudes, casting little icebmgs into waters 
fringed by green banka of fuchsia and myrtle, anil of hamlHHi, where 
the laurel grows into magnificent timber, competing with the Patago¬ 
nian hocrh for roethold on the moss-i-ovored soil. The round gray 
heads of the granite hills*scratched and scanted by n dWurded h-e mp 
on one side of tint narrow straits habmeo the snow-bound jwaks of the 
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Cordillera* «m the r>ihpr. No physical difficulties lwir the way to the 
investigation of glacial phenomena amidst some of the mast striking 
t'CKist scenery in the world. Sear the parallel of o1 south arc two Pata¬ 
gonian lakes closely associated-—Argentina and Yirdma which offer 
opportunities for tin* study of glaciers such its an* probatdy not to he 
found anywhere olne in the same latitude. For here tin* phenomenon 
of disappearance is in the stage of natural illustration. Glaciers arc 
disappearing rapidly which hut a few yeans ago seemed to bo a per¬ 
manent feature of the surrounding mountains. and the lake surface is 
checkered with their del iris. There, too, may la- studied for hundreds 
of miles northward the natural sequences of their disappearance—the 
formation of fresh-water lakes ami their gradual desiccation in turn— 
whilst all annual then' is the continued story of geographical evolution 
due to the alternate forces of glacial ami volcanic action written in 
gigantic characters on the fact* of nature. 

cbstoai. sturrit amkbica. 

Sot very much has lieen added of lute years to our practical knowl¬ 
edge of the hidden depths of centra] South America except from the 
inexhaustible, mine of information pus-esseti by that eminent geogra¬ 
pher. Colonel Church. A Brazilian expedition in InSM, the explorations 
of a commission sent to investigate the in tenor with a view to the 
establishment < 1 / new gwdiiiral capital to Brazil in 1 SJIS-ltS, the discov¬ 
eries of Dr. lfamon Pass in ]H04, and a checkered journey in the val¬ 
ley of the Orinoco hy Stanley Paterson in 1897, form the principal 
records of modern days. There is doubtless much which is of the 
greatest commercial and political interest still to unravel in cot meet ion 
witli the geography of the great river lautimt of the continent. But in 
'South America we tiro threatened with perhaps the greatest drvelop- 
iMfHt of what I may tall artificial geography that-the world has ever 
seen. Not only will the consummation of the Panama Canal project 

rhtiogr the whole system of our Western sea .mentionsuud pmb- 

aldv exercise a more enduring effect on the world's commerce than 
even the Sue/. <-on met ion between Ksist and West, lint the possibilities 
of linking up by a central canal system the three great river basins of 
the ,South that of the Orinoco, the Amazon, and the Plata—is under 
serious consideration, and the mere project will in itself tend to an 
exhaustive examination of much untrevided eovmtri. Thus, even 
Smlh America no longer offers a large field for the geographical 
pioneer of the future. With its narrowing areas of term incognita and 
Its almost phenomenal advance toward a leading position as the pastoral 
and meat-producing quarter of the habitable ghd*. w ith posailiilitica 
of development in this particular line prohablv exceeding those of 
Australia. New Zealand, and South Africa all put together, ft is surely 
high time that South Amorim turned her attention toward a cmn 
biacd and sustained international effort to place her scattered and 
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moat insu thrift geographical surveys on a sound geodutiit \vm$ extend¬ 
ing through the whole continent. 

ffOKTH AMERICA 

In the geographical lic-IdH pi“es<mt4*l by North America, as also by 
Au^frmlLu, magnificent ns arc the opportunities for ULt|uiring that per¬ 
sonal acquaintance with the gmt l dcpfadiumH of nature which environ 
new condUioiiH of life* and s3ia|ie I lie course of hurmiii existence to its 
upjiomfrd ends: m\ in other words, to acquire a geographical eduett- 
tion from original sourredof iustiuHnin, there U Imt litlle opening for 
tho enterprise of the pioneer who aspires in show the why into new 
fields. Thw is cm lank of native enterprise in colonics peopled by 
the ^tout-hearted descendants of gemjxntiom of explorers. Neither 
Canadians nor Australians wait for England to show them bow to 
develop the resources of their own conn try or pilot the road to new 
ventures* On the contrary, we have to turn to Canada now for instruct 
tion in the higher urt of geographim! ihnp making and to admit that 
England has been left fur lichind in the development of the s[>eeyil 
branch of science which deals with tho illustration of the main fea¬ 
tures of geographical run figuration in relation to their geological 
Construction, 

aehica. 

In Africa the advance of our knowledge of the main outline of the 
geographical features of the continent lia^ been so rapid since the days 
when tiie Nile was first traced to its source by Speke that a perfect 
network of explorers’ lines of travel now p embraces ihc continent in its 
meshes, and U only in the iritenuecliale spaces that room fur euter- 
prisa on the i*urt of the poinrer is left* even if it may not lie said 
altogether to lmvc vanished. A reference to the little map published 
by Mr. Raven stein in the Eoyal Geographical Solely Journal for lust 
iVcemlier will slum- you at mice that the hydrography of Afrien hits 
been fairly well traced out in all its main arteries having fait few 
unexplored spaces i>f any great extent, and that sueh spices* where 
they occur within the urea which is especially open to Englishmen, 
demand ten organized system uf exploration more complete in its 
results more carefully bnlnured in its relation In the geographical 
illustration of those lands which are beginning to form centers of 
civilization ttom can lie sc cured by the process of poiueer route mak¬ 
ing* In short, we want a system of geographical surveying allied to 
those systems which have been perfected after years of careful experb 
ineut by Canada, or Uiishu* or France* or by England in India. This* 
however* brings us into a field of technical inquiry of great importAtirc* 
into which* so far as it deals with geography — i. Cw, w ith the measure¬ 
ment of the earth's surface and the illustration uf its configuration by 
means of juaps 1 propose to enter briefly in this address* 
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MODERN lO:<it IlfKMKVrs is OKtHlJlArHU'AI, MAI* NAK[Mi, 

* 

\on will agree with me that geography in the abstract, without 
Illustration—thi- geography which used to be taught by geography 
Ixiolrs without timpst is but n poor and inefficient brunch of lurudetuie 
knowledge. hardly worthy even of mi infant school. It does not mut¬ 
ter what blanch of this comprehensive science you approach, whether 
i( is historical. or physical, or politicuf, modern or ancient, the oiilv 
substantial presentment of the subject to man's understanding is (hat 
which has recourse to map illustration. Words (especially ivords 
bearing such indefinite applications as our modern geographical termi- 
nology) cam never convey to the imagination the same substantial 
illustration as maps convey to the eve. You may think that all this is 
mere truism; so it may be; hut I assure you that whnt J duty call 
descriptive geography—that is to nay. geography without the aid of 
maps, has more than onee nearly precipitated national disaster impute 
modem times disaster quite as perilous as any which in military tie Ids 
hn> Ilecii caused by blank, wholesale ignorance of the features of a 
country in which strategic movements are undertaken, There comes 
a time in the history of every developing country when the increase of 
its people, and the consequent distribution of land, demands surveys 
tor the purposes of fiscal administration. Consequently such surveys 

,m ‘ ..non everywhere; and from these have Inch built tip, piece In 

piece, tike a child’s puzzle, the j^ogmphieal maps of .. half- 

occupied lands, il lust rating only such portions us are adaptable to 

.. . development, and leaving blank all that promised to be 

unproductive and unprofitable. 

Ft ELI > OF GKODEMV. 

1 1 was only when it was discovered that the sum total of such a pro¬ 
duction was upt to muse great confusion in laud assessment, inasmuch 

it Often did not equal the actual arm Of the land distributed, that 
there arose a school of mathematician* who concerned thorn**Ivm with 
determining the dimensions mid figure of the earth, and founded that 
apparently complicated system of primary map making which now 
lakes count of such matters os the curvature of the earth's surface the 
eonvergrney of meridians, and either spheroidal problems which uifeet 
the construction of the map. Thus arose -geudeuy - and geodesy hie, 
numbered among its uj*,stW many of the greatest mathematicians of 

the age. Cmodesy. the science which deals with exact ... 

was never an embod.. nr abstract nmthenuuind investigation. 

ll hud always u utilitarian side to it. and it is unfort that this 

vn w of the sconce has been oemsionally lr*t sight of in lute years, 
tor we have not done with geodetic investigation vet. Magni (i. eut as 
are the results obtained by the math, math inns of the past i here are 
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stilt further refinements to l>c introduced into those factors which we 
daily use for the reduction of our ierrestinl observations ere wo obtain 
perfect mathematical exactness (if we ever attain it) in oar result*: 
and wo still must look to the processes of geodesy to give us (hat Iniek- 
lionr*. that main axis of indisputable values from which our network of 
trianguluiion- may spread during the first steps in geographical map 
making. To a certain extent geodesy is the support of teehnhul 
geography, and a short inquiry into its present conditions of existence 
may not In* out of place. 

ft is to North America that we must now turn for instruction in (he 
latest development of the science, ami to South Africa that we must 
look for hs future application, Russia ha- not lost sight of the 
necessity imposed on her for an extension of her magnificent Hurapeou 
geodetic system through the vast breadth of her Asiatic possessions, 
but we ourselves in India arc concerned nowadays rather with scientific 
observations cm collateral lines, and with the collating and perfecting 
of the result- attained by the greet achievements of past years, ihan 
with any developments in fresh fields of geodetic triimgulutbn. 
Germany and France, ever alert where colonial interests are concerned, 
are busy in Africa, but I am not prepared to say bow far (heir geo¬ 
graphical efforts arc based on the strict principles of geodesy. 

Ill North America, along the meridian of tiff through Texas. 
Kansas, ami Nebraska, geodetic triungultition still forms one of the 
most prominent schemes of modern work undertaken by the Coast and 
Geodetic Survey, and in South Africa there is growing northward 
into the Trunsvuul slowly, but we hope surety, the framework <>f 11 
gigantic are which one day will las extended by Sir David ( I ill from 
the Cape In Cairo. 

1 nul anxious to impress on you ihul the science of geodesy is not u 
science of the past. It is still active, and with all its refinements of 
minute accuracy and exact precision in observation and in calculation 
it should be the initial mainstay, and it must Is? the final court of 
appeal, as it were, for all those Jess rigorously conducted surveys of 
the recuuiiiiissiticc and exploration class which we term geographical. 

Hut this accurate framework, this rigorously exact line of precise 
values which ultimately becomes the backbone of an otherwise inverte¬ 
brate survey anatomy, is painfully -low in it- progress, ami it is 
usually haunted by The hogvy of finance. It does not appeal to the 
imagination like an Antarctic expedition, although it may lend to far 
more solid results, and it generally tins to sue hi forma pauperis to 
government fur it-* sujj[K.irt« 
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Ami thus it hapjiet!.* llnit long boffin* the tcdi<m> and expensive 
proce&tea whk-li are involved in the term geodetic trinngulution run 
pi is*) My he carried to :m eifective end I In- cry gw» up font geograph¬ 
ical survey. It is wanted by the a dm inistrator to whom it is nil 
important that ho should know the ronds anti river coiiimunienlionfs 
uiid the productive areas of tin 1 hind he has to mltnmi*ter. urn I in; able 
to locate itu 1 various tribal sections nr jxcoples with wlioin hr has to 
dud. lit tin* political du partition I ti geographical map may be said to 
hr absolutely tict-ossa ry for tho political purpose uf defining limb* and 
In Hindu firs, ft has Im'oii, l um aware. ot'rusioniilly.flisfpensed with, 
but never with sat in factory result*, To tin* officer u it whom rests the 
responsibility of preserving peace tmd good order it i most desir¬ 
able that the military features should lie fairly represented in such 
:i manner that at leant n general plan of aotiou tun be arranged at 

short notice, For tin.oniniiic development of the country it run not 

iwliK) strongly urged that a general geographical outline of its surface 
is iiidfs|M'iisihle to the selection of lines for sped a I technical rxuminn- 
tion, whether for muds, railways, canals. or telegraph*. How often 
lately in tin history of our colonial or frontier pnogTes* have vast 
sum* been expended on special lines of railway in ignorance of the 
fact that better alignments of infinitely less physical difficulty would 
have been at once revealed by a general geographical map even on the 
smallest xsalcf In short, the cheapest, the ipiickest, the surest, indeed 
the only satisfactory method of regulating the progression of public 
works, the development of com merer, the prnjier recognition of the 
frontier imimdnric*. the administration of justice, amt the military 
control of u large imd growing colony, or of a long stretch of military 
frontier, is to la* armed with a jH-rfect summary of what that Country 
contains in the sIuijh* of a geographical map; and yet it is only ijuitc* 
lately that this fart him been recognised by English aclrmnist rati >r* ami 
English generals in their dealings with new colonies and new frontiers. 
Kus-sia learned tii<* lesson a generation ago at least When she reached 
out a band for t oimtanliiioplc her mmy was accompanied across I lie 
Balkans by whole com|ninies of surveyors, who worked on no sketchy 
system of indicating lines of route here and there. They pushed at 
least seven series of triiingulatiou across the mountains, and on that us 
a iNists they mapped the whole country in detail on a good military 
scale (aI k. at an inch fa r mile) right up to the very gates of the Turk 
ish capital. For years her brigade of topographer* has been hu*v 
along her Afghan and Siberian frontiers, In Persia. Baluchistan, the 
Pamirs, and China, wherever in fart there may fa* in the future some 
prospective view of a closer political, commercial, or military interest 
than exist,* at present, then* they art* to be found." France has always 
been strong in the geographical field, and the late achievements of 
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Frenchmen in tbte world of exploration mid of exploratory map- 
iimkiiij^ jiri• only equaled liy the seientiliis knowledge and literary ahil> 
ily displayed in their technical literature tin the subject, Colonel 
UttMedat's contribution to tin- History of Topography is io be reek- 
oned with us u standard work. Jn t ’anudsi imd N<*rtIt America we hare 
perhaps ft practical exposition of the art of geographical surveying 
whit'll is ns ounjualed in completeness it ml comprehensiveness ns the 
country with which it has tr» deal is unci limit'd ns u subject for it-' 

application. Them ..lose asst it’hit Sou In-tween geological st ructuiv 

ami geographical conformation is so fully rtTiij’iiizwi that the same 
technical process of surveying is applied for the purpose of l.he double 
illustration. The (amidiim geological survey is their geographical 
survey, iitul I think ilia) it is t>* Canada (if not to India) tlmt we owe 

tiu* tirst n-cognili.. the fuel that geographical surveying ri it sojm- 

rate, distinct, imd inost important lira itch <if the general art, which 
should form the hisU the mot her survey as ii wore — from which nil 
other surveys should spring* In India l tun happy to think that this 
advance in the science of geography is now well understood. It Inis 
ls*en more or les* forced on us by the necessity for such rapid and 
comprehensive surveys as are required for frontier military Operations, 
for the purposes of boundary demarcation, and for the important duty 
of keeping our own trims frontier information up to the level of that 
of our neighbors. In our African colonies U has. alas. Wn discot 
eml a little too lute that geographical surveys arc a sound preliminary 
to military operations; Imt the discovery once made it is nut likely lo 
bo overlooked. Here, Indeed, was presented a most forcible illustra¬ 
tion of the danger of building up a geographical puzzle map: of piling' 
one on to another the results of local fiscal surveys in the hope I hat 
when they were all put together they might make u good topograph¬ 
ical guide to the country. Needless to say the result was disastrous 
from the .scientific ]joint of view, and it might almost lie said of it tbit 
it was disastrous from the military point of view as well. Imagine 
fur an instant that the Canadian system of a geological survey (involv- 
In.j- uf cutii’se accurate topography) liad lieen applied nl> initio to South 
Africa, who can po&dbly say what the result might not have I wen by 
this time! The expulsion of the Huudt mines, for example, depends 
at present on local experiment curried tail no doubt by most aide engi¬ 
neers with nil the knowledge of scientific milling that is to be acquired 
in these <inys of advanced specialism. But all the same I may In* per¬ 
mitted to suggest that their experimental ventures, their tentative 
borings, lire subject to u good deal that is almost guesswork for their 
application, and that a comprehensive, carefully conducted geological 
survey of the whole country would pr nimbly have afforded valuable 
indications iu many unexpected directions. So also as regards schemes 
for local irrigation. Take the nm-t <• western part of Cape Colony, for 
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instance. the district known us the Kurta, where the liest unlitary map 
existing ;|i th*- time of the war (lid nut even pretend to show I lie mu. in 
roads through the oniintTy. The stage of development uL winch that 
part of the colnny ha* arrived in the uMdrufjortiuit mattered WniI irri¬ 
gation in only worthy of the Ihirk Ages, It would t>e laughed at in 
Persia or \f^hani(jtun» The Arabs of mediaeval Lillies were experts in 
the art of th" conservancy and distribution *'f waiter in dry hinds turn- 
pared to the modern South African (or South American) fanner* 
Xuw, 1 donut ssiy that scheme* foi merely' load irrigation n^juiivgise 
graphical map* to support them. Such scheme* only require a liltJo 
enterprise. w tittle common sense, and a little capital, bat ' do siy that 
the geographical map w ould long ago have l'evealcd the opportunity 
for comprehensive scheme*, such as exist in India, just as it would 
have pointed out the best alignment for road* and railway*, the I test 
means for denting with an enemy who can move 5U mile* in a night, 
and who run make, not merely n few square miles, hut a whole district 
the theater i-f his operations What was wanted (and Shrill wanted) 
in South Africa is what is wanted in every part of the eonthn at sub¬ 
ject to British suzerainty* ! know that I am but echoing the urgent 
demand which bus been made by every commissioner and governor 
within the limits of that vast urea—not for elaborate or special map* 
for fiscal and revenue purposes, all of which will come in due time— 
hut for scientific geography which shall now take the place uf thcqjre- 
liniikuiry work of pioneer explorer*, and deal with the cuiinlry us a 
whole instead ”f tracing it in outlines and in disjointed parts. In diort, 
they require all gaps tilled up. They want to know what the country 
contains in the way of foiou. of ojam land suitable for agriculture, 
of desert and ^w anqKof opportunities for roods and railw ay s, for tele- 
graph* and irrigation, lie fore deciding on the right portion for the 
center of an arterial system of public works which shall pervade in 
natural and orderly frequency and in due time, every part of the IxkIv 
of Llie country of their udnuaistrutiom Now, this is scientific geog¬ 
raphy. h is not ordnance map making nor any thing very much like 
it, Ir is u com]Kinilively new demand on the scientific resources of 
England* and those resources are by no means equal to the demand. 
Before considering resource*, however, we must look to the scientific 
means to thi^ gnographical end r ] have already referred brieflv to the 
subject of geo.-lew;y. and I have told you that w hat is termed geodetic 
tr[angulation is a function id high scientific order, demanding not only 
minute mad pahistakiiu out* mi the part of an able atatf of observers, 
but very vojislderuble liinn and very considerable exjieusr to carry It 
to a sail Lsfactory issue, I have also pointed out that inasmuch ns the 
exact distribution into pari* of any large space of the world's area 
musl ultimately depend on the exact measurecnent* w ldeh are a func¬ 
tion of only the highest class of geodetic triangulatioii, we must look 
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finally lo geodesy Htippcii-t the framework of our geography and to 
give it it*'ri£gitftil place in thereat total of the worldV mapping 
Bist the demand for geographical mapping I* nut satisfied with the 
promise of mi ebdjoratc I>nsi* for the work whifli has hr>i Ni ko 
strut;ted with the expenditure of much time and money before any¬ 
thing in the mature of n finui map ram be produced for purpose* of 
administration. The political world, too, can not always sii patiently 
through all the international disagreements, the losses, the unrest, and 
the positive national danger to which an unacttU^l hoimdaiy gives 
riae. while tin- grodeskt works slowly through the eouintry year after 
xmv. piling up si leaven of equatUms and folio* of obf^rviiliuiis hut 
never n square mile of pnutirsil u»]Migniphy> V* for the military 
department l hunlk know what to say. There is the example before 
us of (ti'rttian*, Russians. French, and Americans. all conducting their 
taiiipLigns wilh maps in their hands, taking every special menus at 
their vu eh hill i id in order to acquire such mapn before they euiumenee 
operations; while the Boer* have fought m to the hitter end with a 
practical knowledge of the country which in even better than maps* 
and which is oxaelly that class of know ledge w hich maps are suppled 
to replace or supplement- None of them wait for geodesy. 

Certainly the attitude of the military department is not one of neu¬ 
trality* They would like the maps, they are even anxious to got 
them- but I hoy ate not quite certain that they are worth paying for. 
However that may lav l can only express my own con victim! that 
geographical mapping will Ik; found to lid an urgent necessity in every 
corner of the urmnipped world subject to British Influence. We 
would like to wait for those accurate tie termination* of geodesy which 
would n\ once furnish ns with the best of nil possible menus for com- 
meiicmg a comprehensive geographical survey. But wo can not afford 
to wait, and the great geographical problem of the age is huiv to 
reverse the natural sequence of scientific procedure anil to obtain 
maps of the unmapped world which no subsequent geodetie opera¬ 
tions 'hull condemn a* ion ecu rate. It is not a question of expediency; 
it has been one of necessity for many years pist; mid iiutmuiich as 
necessity is the mother of invention, I think that it will finally !>e 
conceded that means have been found for insuring sufficient accuracy 
in geographical work to render it capable of enduring the subsequent 
tua ts it ( completed geodetic measurement without dislocation and 
Avithout interference with the general utility of the maps, even If 
that nenumey be not scientifically perfect. 

It is not my intention to him; you with technical details. 1 only 
wUb to impress Upon you that in the field of scientific geography, as 
in other fields ^ the old order changcth." We must work on new 
principle* in order to meet new demands. 
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1SK OF THE TEU50HAFH IN *pEO0RAI 1 !I 

One of the chief mean* to this end is the telegraph* Few people 
appreciate the important rfile which is pluvial by the telegraph hi 
these days in the Retd of geography. It was not so very long ago 
!]ij l t the first step toward regOiienitrag it natural wilderness* nr for 
^curing access to new commereinl openings or miters of unciviUsscd 
imputation was held to he the construction of roads and railways. 
Means of physical access was the first step toward the development 
of a country which was regarded u> unenlightened from the stand- 
point of European t-ivi]taatinn. It is so no longer* for the telegraph 
often threads its way through many u dreary waste of unpeopled 
earth. uncoiling length for huiulroi* of miles in advance of uov 
railway* or indeed of onv road. which rati in the ordinary s'n^- of 
the term he described a constructed road* I will give you nil illus¬ 
tration. On the Patagonian pampas iwt so very long ago. in the 
midst of a w ide wilderness of snow, after losing our way in a Minding 
snowstorm and camping on our tracks fur the night* we struck the 
end of the telegraph line which is now being pushed across Patagonia* 
Had which will eventually connect the Atlantic with the Pacific, We 
had seen no roads whatever for a great part of the distance we had 
traversed. Our daily pr need tire was the simple process of following 
n guide over the illimitable stretches of hush-covered uplands which 
reach down from the eastern foot of Lhe Andes in gentle grades to the 
Atlantic shore; and when we did ut last fall in with the great mitral 
line of transcontinental communinrtimi we found it to consist uf the 
wheel murks of certain previous wagons which bid drifted along that 
wnv a sort of road which it was exceedingly easy to lose in the fading 
lioiit of a stormy winter's day„ On this road there wits nothing but a 
telegraph end and the tents of a few telegraph officials, and we were 
some ir>o miles from our destination On the Atlantic coast And so it 
happened that after weeks of absence from any means of communica¬ 
tion w ith the outside world we were thus suddenly put in possesion 
of its very latest news, and the vwv first message that |m ed from 
the end of that line into my hands was the message of peace with 
youth Africa, signed an hour or two previously* I accepted that 
message as a lnippy omen for the result nf our Patagonian mission. 
And thenceforward (thanks to the courtesy of the telegraph chief [it 
Buenos Ayres) nightly as we sat In the Snow we read all that was 
important from the SjOtidon evening papers nf that selfsame day. 
We were not starving hv any mean.-., but had wc wonted n loaf of 
bread in that unbroken stretch of snow covered bush laild we certainly 
could not have got it. while here was information (lowing in with a 
daily ease and regularity that l greatly missed when once again I was 
within reach of dubs and civilization. The importance of telegraphs 
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in the field of geography, however* I> not confined to the transfer 
of news to casual travelers, It is the facility which it places in the 
hands of tb- geographer for determining his position in longitude that 
render* it so ini] m i-rt li ill il factor in tin- prusceution of n geographical 
purvey, Everyone knows that the lir-t duly of le geographer is to 
discover his latitude ami hi^ longitude. Hitherto the determlntit Ion 
td the rir'i |m~ lii-rri a matter i>f no great uncertainty* hut a> regard- 
the lutter one t^iin only say thnt (hi 1 confidence expressed hv most 
explorers in the results of their observations bits never In am justified 
hy the Huai verdict of a subsequent determination. It is. in truth, 
most dlflieult even for the most proctievd observer to obtain an a We 
lute value En longitude on which he can rely within such limits of 
accuracy els arc isscntiul to the construction of a map where these 
values have to lie employed differentially. The telegraph places in 
our hands the means of dlifferentisiI ih-terixtinations within ll degree of 
exurf iless that surpasses even that nf the most ciL^ful ilctei mination 
of latitude; ninl the telegraph is even' 1 where, Supplementary to the 
fin ilities of time sigfULliiig hy telegraph is (he wonderful accuracy of 
graduation introduced into the smaller classes nf new instrument- 
which in these days replace the cum Immune equipment of the past. 
With a sihelII ti-inch theodolite fitted with a complete vertical circle* 
time values ran In- determined within a fraction of a second and lati¬ 
tude values to within two seconds of arc. always provided lhut thal 
great luighcar of the astronomical giHiemphrr, level dctlcctinii. docs 
not interfere with his rmill-v Hu I the same minute accuracy in 
gradual it an which Ii.l^ so improved Eite ordinary little instruments 
which you find in the hands of the professional geographer bus. w hen 
combined with new methods for accurate linear measurement* also 
placed it in his ;tower to carry out a fairly coherent and systematic 
trlflDgiilatimi w ith great, rapidity and accuracy over large areas of 
country whenever the configuration and characteristics of that coun¬ 
try are fa com Ido* l^uiilly they urn favorable Large expunges of 
Hat desert, of studiduting veldt* or of unbroken forest are the excep¬ 
tion, not the rule, and they must of course lie dealt with it* their 
special |Kreuliarities demand; and for the normal conditions of land 
configuration, given tlunt the explorer is specially c areful about bis 
Iffl&e measurement* and his initial data. be mu certainly* with modern 
lust mu]cuts nnd the facilities for check given him hy the telegraph, 
eiirrv on a rapid and comprehensive- geographical survey which will 
fulfill llII like coudiiirm* required l>v the administrator* economist* 
political geographer, nr military commander within such limits nf 
accuracy us will insure its standing all the subsequent teats tlmt 
glidesv iiieiv apply without any apparent map dislocation. And 
practically that is nil that is w tinted for a first map. I have used the 
word. kk rupidlv." Few people, even scientific geographer*, have really 
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grasped iI i-l- full tucanrog of the term aji applied to surveys on geo¬ 
graphical scales (i, c., h^mno, or about I inches jn-r niskg or h-ss] 
under imnmi! rondittous* Such survey* can be completed i|uilc n* 
fsi-t as :m airisiv cam Hdi'iinn* in the field. even granting thnl the 
advance is continuous. They cun even to a certain extent precedt! 
that advance in face of an onei(ty_ A single trinngidator with a stall 
of two ur three topographers in a fairly favorable country will las 
responsible fur an out turn which may hi- counted by hundreds of 
square miles per day, The records. of lioth American and Canadian 
niltwees will prove tluiS the marvelous progiv^.- made in the frontier 
reton riuissituc surveys of India i^ sinrlurig abnormal or unux peeled. 

.NFCKSSITY FOlt TUA1MWO CT1I0O1J1. 

So fur I have spoken nluuE the system only* a system which bus 
Uu‘ii marly perfected hy experiments in runadik ltus-ba, India* and 
elsewhere. Now we have to turn from the work to the workmen. It 
is only lately* quite lately* that England bus clisenven d that such work¬ 
men uiv wanted at nil. Five or six: years ago there was not n lopug- 
raphe 1 nor ;i u »pographical school hi England. But the demand 
during tftte years bus Steen insistent and eon stunt, with the result, I 
:rm glad to say. that efforts have been made hi various direr lions to 
*iiirl topographical schools, and a distinct change is apparent in our 
methods of instruction at military hesuhjmirtt*rs* No purely technical 
e ntni! i-i\ iL schools, such a> exist on the L Continent, are to 1 m- found 
in England* and the natural n4iult Es that ai present England j-H^se^es 
no finished toptkgruphers and not many men who know what r^ meant 
hy ft gNigriiphieuI survey. In the wilds of Patagonia (which is. I must 
premise, a country beset with special climatic dillindties hut not 
otherwise one unsuitable to the topographer** art) 1 met many mien of 
great intelligence and exceptional skill who bad been gathered from 
Various t|Uurlers for the purpose uf tufujginphy. There were Italians, 
Argentines* Ceriunns* French, and Swiss, hut not sin Englishman 
among them. Uus^ian^ uf the type of my old and uei forgotten friend 
Renders ki have long liecn famous for their skill; but, although 
English administrators and soldiers a rc alike crying out for more ami 
hotter assistance in the active field of topography„ they mn not get il 
from England. The establishment of a school of practical geography* 
such as must eventually guarantee the existence uf a military topo¬ 
graphical corps, would hr a matter of congratulation deserving to la- 
noted sis an important step in the advance of the geographical I'duea- 
liori lit' the i i in ntry. no than Lin- school at Oxford which deals mure 
directly with civil interest* and i- rightly most concerned with the 
wadrtn ie a-per-t- of geographical 1 ii >r nut ion. Even this, however, is 
hardly Milficient. I nm convinced that the rccominendation which arose 
from certain resolutions found in the geographical section of the. 
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Brilinh sissBirialion meeting nt Bradford two n uiv ago ill favor uf tin? 
employment of natives in Africa for African jiik| a?. IimIF sin 

native are employed in India, is thoroughl y scumsI. W i- wucit school# 
in Africa a* well ei> in Kuglatid. Only in thin way will tl ir vast areas 
still mimuppitl immr Afrinm protectorates lie limit with sit ivnsoiiiibJe 
I'ost and in a missmablu ^jiave of time. 

i-vitmmmHittAHnr. 

Certain development .4 in the practical field of geography Slave lately 
been laiMni^h t to Hie te^t nf i-oNtiiiueii rxperiEiienlai application, situ I 
the progress nf thv^eex^rimenbdeservi^ ;i [mgring record. Notably 
the applicnt iosi of photography to purpose** nf geographic I ilto&tml mn 
linn received impetus from the apparent facility w ith w hich 

the exjH-iiineTitul media can be handled. In favor of the haphazard 
limd-s^po illustration*. with w hich we sue usually deluded by traveler^ 
there I* Little to licsahL They an 1 fur more frvquenlly illustration* 

of the personal program nf thenuthorthf.. the general dm meter of 

tho country hi; progress! through. Neither is there much more to 
romiiiead in photographs designed to reproduce geological nr tectonic 
feature*. glacial i^uikigu ration, > pee in I omgniphicjil eomlitfon-s or I he 
like, unless tin- position of l hr in ami the direct inn of the line nf 
from the jjoint of view are very dearly inducted on a correspond tug 
mafu At the \h>%% they ore apt to Iks deceptive for the reason that they 
eali hut ih Mil with one stile of a subject and with only a purlhit view id 
the [ hi rticul ei r feu 1 11re tIn y re|iresont* bl\ cryt > ne know4 that nn a] 1 \ >ar ■ 
cut miige, or even 11 syrdeiji of ranges, of mountain* rmy be nothing 
hut the revetment of a high plateau or table land, hut the photograph 
of Kinds a mountain system will give no indientiiuiof the plateau beyond 
which eun indued only be determined by a survey stud property Shoe 
tinted by w map. I need hardly say that a topographical delineation 
iif ground derived from observation? made by the aid of photography 
demands a> much technical! skill on the part of I he topographer and u> 
much systematic applu-ation of the use of instruments a> any other 
survey. It must lie 11 combination of careful triaugulnlion and skillful 
plane tabling precisely ns i' the product of a topographical survey, 
it demands. if anything, more special training sun I si more elaborate 
iiLetfioil of proredutv than doe.sordinary survey. So far .i" the result* 
of experiments made over suitable fields in Canada mn teach ns. the 
verdict is in favor of the j mires* only under certain condition* of light 
and climate when it i* desirable to obtain ei record of observation!* hi 
a* short it space of time si'- (M^ibk. either in high latitudes, when 
parsing clomU afford hut a Heeling view of the landscape, or in low 
lying dwtricrL% where aetive tribal hostility in the field or some .similar 
condition render* it desirable to curtail iq&ralion* a#murli as p>vdhlc, 
S_M i\m - M 
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Under all oilier ordinary conditions ii i- maintained by tatiadjan sur¬ 
veyors that, although both lime and labor may ho saved un the tield 
operations* the ^suiting map van never attain the swne standard of 
accuracy in detail rliat distinguishes good topographical ilhistrulion of 
the usual variety of until ml features* I am* of eoufsc. now speaking 
uf jpwgraphietil surveying ml# an art, not of mere geogmphietil exploi¬ 
tation. Iik the latter ease doubtless every traveler who run “pull the 
string* in these days cun add immensely to the |*?r*otud interest of bis 
journeys by hi-- iIiumBi U M ions inf LketiO Ihtt 1 would earnestly liupre^ 
ii|H nh all traveler* (hut ii they desire those illustrations to Ih - of any 
Ur^e fur {p'Ogniphicnl compilation ii i- ftbsohitely m-ee—ary !■■ know 
the point from which they Were taken and the direction of the view. 

HA in k>s KT It I r ILEAXJH DS, 

On-re again, tix*. would 1 warn travelers of Lin* utter uncertainty uf 
all elndscs of Imitmietnc determinations for altitude* Very little htia 
liecn done In recent years toward improving instruments of the \n\vo- 
metrie class* and metiH.mdogJtail science has not yet I might lls how to 
deal with the constant variation', in air pressure peoduved over local 
arctic bv ehsitttfcable iv eat her; There sire some countries where barn- 
metric records cnri hardly be regarded as otic ring a clue even to 
differential heights. It run not be too often insisted mi that tlie 
determination of the relative heights of mountain peaks mid of the 
local value of ref met ion by means of the theodolite b as much the 
duty of the triaugidLitui as is the fixing of those peak# in position for 
the use of tin- topographer. From these, again, the altitude uf posi¬ 
tions i ii the plains can he safely determined by *matl in*triune uts of 
the elhiiJiJiCter rlns^ without resorting to the Imrometernt jlIL :dthough 
il may *till Ih- necessary to ascertain the value of one initial (■ f r Ii i ml I p 
]Miinl which must lie determined by runny observations spl'emd uvorti 
eonstilernl ill ■ length of time and synchronous with another set of ohscr* 
cut Ions determined lit sea* or some id rend y know el level. This, of 
course. will occur only wlu n a new geugmphival m en b opmed up to 
stiirey sit some distance frum tho sna. 

IMvtuiSAt. uaciunu. 

It will U' rcmouibeml shat a scheme wan set afloat some years ago 
by Ih% Penck* dm eminent tiermmi gcogiiipher, for the mapping of 
the whole world on the scale of r*ne-millinhtk which is very nearly 
equivalent to the scale of 10 miles pi L inch. Substantial progles- has 
now been mud-- in siippsrl **t this scheme by English map makers. 
esjK^lally in India. where all the tmnslharder countries whieh have 
laden geogmpliinilly into the hands of Indian surveyors are now being 
mapped on this stale. In the eixuiiumcement of nil great colonial 
mrvoy sehem-s il is much to be hoped that this project for one 
homogeneous tmd universal map will not ho lust sight of. 
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MAP SIKLLINu, 

I ivMi tlitit we were ns 'Wi'll on the why toward Iku in*genoily in 
spoiling as wean.' hi runic, Imt it is much to in- fenn-d that (trhihiirv 1 
rules will have to be applied to so minify special kculitics llmt mi 
mmorsul system is ever likely to In* adopted. Ml*o farther thm: rxaet 
getpgnipby t the more dillinilt heeomus tins problem. until fit 

lust we ahull probably arrive at the conclusions adopted long sigu by 
slu a government of India, mid consider it Ixsst to ky down by order mi 
urbiirurv 1r-t of pirmiincut name* and rule that the spelling of them 
shall be maintained u> in ll j i- list in till (iovcnmiriit record:-and map'. 
Scientists may disagrei■, 1ml* after all, il seem# the only practical way 
nUi id the confusion 1 i j;l 1 exists at present* 

T K IEM INC 1LOU Y, 

Then- is yet another auhjeet of world-wide- intei-esi to the geograph¬ 
ical student equally with the [inutinit gtMijpiiplior wliic-fi require* 
something of the erudition uf the pliLlulogienl selmhir to lie brought 
to hear upon it in order to arrive at jl satisfactory issue. I refer to 
the subject c*f geographical hrmihology . It may mmh ini o:i.sy lb frig 
to lie satisfied with Mach general dehnitinii* as are involved in the terms 
“range of mountains/' “cuu*t lines/ 1 ht mnin elianiscls/* '*wateishodb# t M 
“slopes" *"* ii fluents*" mud the like; tint when these terms, mid terms 
similar to them, are etuployed in international agreenamts mid treatres, 
carrying w ith them the necessity fur identifying on llie frnv of nature 
I he feature w inch corresponds in the term employed, itmiv i-always 
to he found room for dimUL^imi as n> ivhai its exa»1 miming mat he: 
for the variation^ of nature are infinite, amt nn two features classified 
under the same genera- inline sin* alike. Were I tn give you example# 
of only a few of the geographies I expression* which- cain-le-My used, 
have led up to serious international disagreements you would, I am 
assured, agree with nie that it is high time thm geographers nil the 
world oyer vault' in some definite understanding id nH it the meaning of 
geographical terms. To take nu Inslume. What is a range ^ irr a 
“main range” uf mountains' Whmv doe> it lieginf Where does it 
end; flow far doe* the term involve geological structure! When 
a continuous line of similar structure is split across the axis of it, docs 
it fnieomo two rouges or docs It remain one and the same range f Or, 
again, ivlial is b *tlie foot of the liil!": " Is it where the steep slopes 
end arid the talus or gentle gradients of its detritus cuintnenee, i>r must 
you folioiy the latter down to tin- nearest watercourse * \ I you talk 

uf the rourt line d western Patagonia or of Norway, do you include 
siivli headlands a.- are connected with the mainland at low water and 
exclude the islands, or do you mean the roast line of kith i What is 
the main rhamnd of a river * Is it where the flowing water scours 



H72 Tin-: p&uiiK&ft* nvMiHAVktcAL. xwwuajiiK. 

d©ejH.^t fiiiin time Lo thue, or i.s it u fixture umoiig ft svure of minor 
channels that shift and change* Perfect definition is, of rutirse* hope- 
!iw, [t i- uni in th° [nawer of nii.uL to deal with nil the infinite vari¬ 
ations of geographical fixture and to eto^ify them as he would speeo 
Hums of Imtimieul iirigm or of natural history. Hilt wo might arrive 
sit si much twin- satisfai 1 Ion - dictionary of geogniphirul tmio. in our 
own language than tit present exists, and wr mighl offer that dretionury 
to the geijgmphei.s of the world at largo and say, “Here we h:ivc- at 
1 oust endeavored to explain our moaning when wo make use of geo¬ 
graphical expressions* This Is what is taught in our schools in the 
best means of translating the geintml idea into a distinct mental ron- 

isiipti.if ciiiluml features; and in future when we me the>e terms 

you will know ou the Iw-t authority that England inn produce what it 
is that we rtmnn hy them-” Then, possibly* instead of having turn 
to (ieruiujiy and France for a^iatnni^ in expressing ourselves clearly 
when limiting np legal documents dealing with geogrUphhaiJ condi¬ 
tions, we may find the English language heroine the standard fur this 
sjHTiii! i III—. <if literature In spite of ir- verlwil poverty. This* at tiny 
intis is what in now luring attempted by the Geographical Society* 
whieU spares i l> i effort In order to obtain the I jest literary ns-'istnnre in 
it** compilation that the country affords. We shall mkpji have a geo¬ 
graphical dietkmury. I trust, and 3 h s able to enter with ft little more 
ea.se and confidence into the field of literary dl-cnsr-ion of gcogntph- 
irail subjects. 

rHooUfcKH lpk of 4 imsbafiiicai. Kinn .mos. 

The progress of geogmpliioal education In the count, n , alt hong h it 
is bv no means **o univce^Ily apparent as might bo considered desir¬ 
able* yet shows encouraging symptoms of vitality in many directions. 

The Civil S-hnohU Oxford, fnr installer, conducted by Mr. Mackinder, 
has already mafhj iiuM -ueee^fnl efforts in produce expert tempers of 
geogntp3iy\ Hen*, In addition to ltttf undcrgrudiml^- attending w nurse* 
during the jriwt year, five students have almuly Won limpet graduate 
diploma grunted by the university* and it is pi iron raging to noli- tluit 
four out of the five have already obtained distinctively geographtml 
work. Others niniifcarlv ijUalilied, If of sufficient ability, would prole 
ably not have long to wait for opportunities. In midi Hon to U> regie 
lav university function** the Oxford school haa thw year organized :i 
summer course of three weeks’ study, This has been well attended 
by teachers and in-lnu-hu - from nil purls of the country, nod cum 
from America. 

In Ijondon a department of economic gimgruphy i' in nuil^' 1 of 
organisation at the SchiHii of Economics ami Political N'iclice, ami 
geography will heeiniie a cuiuptitsory subject in examination*. In the 
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matter of examination-" we have to rJjnmu le the issue of 11 amexcel¬ 
lent H-vlIril iiu- for the new London miLtriiulation which slum Id ultimately 
have great influence on the teaching jn many schools. 

Further* the * iengniphieul Association, ft IwmIx turn of several him- 
■ ire i 1earI ie rs, lias mud* 1 great progress U has recently runiTnein ed 
the iif u journal known us the 'Mrgographlcal Teacher.” om i of 
whs^r fimelioEts appears to he the criticism of the set in 

Yiirious public examinations. 

hi lhb h thd verdl \ of Cambridge I lie interest - of are 

doubtless not overlooked, I Mil they i l re not rous|>icuoiiNly in evidence* 
hi ill I have no trustworthy data of the prog rev in side in their mtiin- 
tenaEJro. 

Iti militLii'v schoids the rqMjrt of the late committee apinnijitpi'l to 
consider the «■dinlit ion of uriiiy officers shows clearly enough thnl 
among all tin ihvmit subjects; fur it cadcf* education which have to 
he r min me' j in in tin" exceed! ngly short course of his mi It la rv school¬ 
ing that brunch of grogruphy ^hich i> embraced Hy the term "mili¬ 
tary hipigrnphy" limb n veiy eon^pinuHiH place. The short course 
i?! JL 13MI El :i I t school will never tlirtl out :i|a sleC* auplidicd gm aglW phiml 
survey on nor does it in any way out Ha Elk the neressit v fur a military 
school for professional fr^Higniphcrs. Hut it i ear hr* the young officer 
hmv maps m e nude and instruct* him in the use of topographical 
svmWs, It would he well if it could lie pushed a little further if it 
could |each him how to make use of the map* when they are made 
for jH'i 'OMiil experience eoiiviutes me lhut the apathy shown by many 
of our fo returns I gcm-ruls stud leaders on the subject of limps urines 
L’hietly fmm a wr 11 -founded ihudu of their own ability to make use uf 
them* for the broader basis of general geographical Instruction 

which would deni with the distribution of important military posls 
and strategic positions throughout the Empire and teach officer* ihr 
fun rt it. i is o f siM -I i } h is i tli ms, e i tl n? r i mi Lividti al ly or i n cot n Id nat ion. * I u ri i ijj 
military or naval operation'. it is perha|>s letter that such t\ strategic 
31-jM-i-r of geography should be re legated to a later ugc, when ihe aver- 
n irv intelligence uf the cadet has be.ie mure fully developed. 

Taking it for all in nil, there are distinct signs of n more general 
interest am I more si dm lady slatidard of £ It- night In the suVijeet of 
gengra|ihv. This is prnliuidy due to the efforts of a comparatively 
sEijtiU group of workers at a time of gem-nil educational ret'orm. jmssi- 
h|i psirtlv stliinilateLl bv the ilisdosnres in conned ion with the late war* 

The methods of further improvement are simple — better feaelieis 
Ikinl Ik'Uit examining-mill for both it is pmlmhic ilrnt we must look 
m.ire directly to civil souive- tlnm to i lie tentative efforts of the mili 
tarv schools 
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Ji will load into my ^ulrjeet most cun lenient h to contrast find 
separate two divvrgeut tyi*es of mind. ty|ses whieb are l-ci hr distin¬ 
guished eldrlty lu their uulhide toward time, ami uioiv pirtieulnrly 
by the relative Importance t hi x y attach nud I In* relative imiouut nf 
thought they give to the future <«f tiling 

Till* first of these two type# of miiuL and II is I think, thcpmlmuiniuit 
type* iIn- typo of the majority of living people. is tJuit which seem* 
scarcely lo think uf the future lit nil, which regard- it as a sort of black 
nniLcxisteiLce upon which Use advancing present will presently w rite 
events, Thr second type, which is I think, ti more minimi and much 
Io-t- a hunt hint type of mind* think* consUmi I y and by preference of 
things to come. mid of present tilings mainly in relation lo tilt 1 results 
llmL i mist arise from I In'lit* Tin- formal' type «*f iitimh when one gci< 
it in Its purity, is ret m-|ierlivr in habit. Mid il interprets thr thing* of 
t in 1 present, nod gives value to Uii* and denies it to tlmt. entirely with 
rtdulmu to the psist. The hitter type of mind es coastriierive in habit, 
it interprets the things of the present mid gives value to this or that, 
entirely in tv Ini Ion to things .lesigm d or fori-ween. While from that 
former point >d view our life is siiuph to reap the ruiiSMi^uenoes of ihe 
past, from thinnur life i* to prepare the future* The former type one 
might speak of as the legal or submissive type of mind, horanse the 
business the pmettee. and the training of a lawyer dinpewe him toward 
it; he of id I men must most 1-1 instantly refer to the law made, I hi 1 rigid 
established, the precedent set. and most eon si stent ly ignore or con¬ 
demn the thing that is only seeking to establish itselL The latter type 
of mind I might for runt nut ntll the legislative, creative, organising, 
or masterful type, because it is perpetually attacking and altering the 
established order of things, perpetually falling away from respect for 

d Reprinted by pernjfc*irm from hi Nnhm\' booth m, XV t'W, vnL iW, Feb. <% \ 
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wfml Ll ic jkl^i Ims given u-. It >ee* tin- world us one great workshop, 
anil the presi-lit i- no more than material for 1 hi future. fur i In- thing 
♦IlllS is yet dt^fmerl O' ho. It is in the unlive mood of Lh might* while 
the former 1> in the passive; it is tE li- mind of youths it is the mind 
more manifest among the western nations, while the former is the mind 
of age, the mind of the oriental. 

Things Iiel v r i■ IhJoii* nil s the U J mind. mid we are here. Ami 
the event nr mind s ty> we hit hens l*e<imhr tilings Ihivi vet in be. 

Now 1 ilci net wHi to sliest that the great mass of |H'oplc lielmig to 
either of tlu-.-etwn types. Imlml, I speak of them a- |wo distinct 
and distinguishable types mainly for coim&iicnee mid in order !o 
accentuate their distinction. There are probatdv very few |H h oplc who 
brood constantly upon the past without any thought of the future at 
all. and there are probably sturcelv any who live ami think ecimdstoMlly 
in relation t.f the future. The great mi iks of people tiecupy an inter¬ 
mediate position 1 >i-tween 1 Ij«* — - extreme-, they |Htss daily and hourly 
from Hie pus-ive (muni to thu, active* they see ihi- thing in relation tn 
iis^oe lath ms and that thing in relation t<i its consequence*. and they 
do not even susjteet llia.t they are using two distinct methods in their 
minds 

liut for all that they are distinct method*, the method of reference 
to the past and lin- method of reference to tin- future, and their min¬ 
gling hi mum of onr minds au more altolls ]jcs the Er*iilTe mice Ilian the 
existence h»- f piebaid horses proves that white ts blank. 

J IrcIicvc that it is nut sufficiently rtHOgniaed just how different in 
their consequence* these two methods are, mid just where their differ¬ 
ence and where the failure to appi'ecdatc ilidr difference bikes one. 
This present lime is a period of quite extraordinary uncertainty and 
indecision upon endless quest Eons moral question.-. aesthetic quest ini t*, 
religious and political question* upon which we should all uf ms be 
happier to fW 1 assured and -EI led* and a very large amount of (Ids 
Hunting lincertuiuty nlwuit these important matters is dm- |.« the fart 
that with must of us thoe I Wit Insufficiently distil ignis bed wav* of 
looking at thing* are not only present tof^tler* hnt in actual conflict 
in our nihnls, in un*u*pcHed cmiflirl; we pas.-, from one to the other 
heedlessly with mi I any clear recognition of the fundamental difference 
in conclusions tlmt exists between the two, and we do tills wiLh disas¬ 
trous results to our confidence and to our consistency in dealing with 
nil sorts of things. 

ilnl before pointing out how divergent thc.-e two lvpe> or habits of 
mind really are. It in mt'essurv hi meet a po&dhfo objection to w lull 
ha* been said. 1 may put thai objection in this form; Is nut this dis- 
tIiu-tion between n type of mind that think* of the pjt>t and of a \ vpe 
of mind thnr 1 hints of the future a -oil of hair splitting* almost like 
distinguishing ImAwcuh people who have Left hands and [jeople who 
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! in v p right t Etc ry I k niy I h* I i e v cs I 1 ut t the p rc -cn l is « fc nii re ly ■ le tor- 
mined hy the past you say ; hul tln-ii everybody believes also that the 
prudent determines the future. Are we simply j^paniting and rout tied* 
iiig two sides of everyliody'* opiniouf To which one rcspUen that wo 
are not dbousing what we know til id believe » IkmiI the relation- of 
jm.-t. present, and future or of the relation of cause and effec t S-> earth 
other in time, We nil know I he present depend* for It* cans is on the 
past, and that tin- future de[iend* for it* anise- upon t he present., i>ni 
this dWussion concerns 11!<■ way in which we upprondi tilings upon 
this common ground of knowledge and belief. \\ e may id t know them 
h nn east and a west, hut if some of us always approach and look nt 
tilings from the w--t. if some of us always approach and look m things 
from the east, and if others again wander nhout .with a pretty disre¬ 
gard of dination, looking at things as rlmm-e determines. some of us 
will gi t to n westward conclusion of this journey* ami some ■ «f us ivill 
get to an eastward conclusion. and some of tis will get to no definite 
conclusion at nil id wait all sort* of importunt matters. And yet til tm 
who urn traveling cast, and those who are traveling west, ami those 
who are wandering haphazard* may Jhs all upon the same ground .if 
belief and statement and amidst the same assembly of pniwn Farts. 
Precisely the same thing will hup|icti if you always approach thing- 
from the point of view of their causes, or if you approach them always 
with a view to their prokdde ell eels. And in several veiy irii| Kutan t 
groups of human allairs it is possible to show quite dearly just huw 
widely apart the two method*, pursued eiudi In its purity, lake llmse 
who follow then], 

1 suppose- that three hundred wars ago all people who thought at 
alhilamt moral quest ions, id Hint quest iortu of right and wrung, deduce t 
their rules of conduct absolutely and unreservedly from the pu-t. from 
some dogmatic injunction, some finally settled decree. The great 
mass of people du mi to-duv, ll is written, they say. I lion .-halt not 
steal, for i-sample— that "i* the sole, eumpleti , and sutlhient reason will 
yon should not -I -aI, and even to-day there is a strong avcmmi to 
admit that there i* any relation between the net mil conttcquenn's 
nets and the imperatives nf right and wrong, t hir lives are to reap the 
fruits of (letcnuinali 1 things, and it i>*lill fi fundamental presumption 
of tlu fc established morality that one musl do right tlioqgh tile heavens 
full. But the re are people coming into this world who would refuse 
to call it right if it brought the heavens id unit our heads, however 
untlioi Hath w its -ourves and sinclions, and this new di^podrhm is, [ 
believe, a growing nne. I suppu-o in all ages j>cnp|v u\ a timid, hesi¬ 
tating. guilty way have lempen d the austerity of a dogmatic moral 
code by ’•mall infraction* to secure nheiotiflty kindh ends, but it was, 
I am ndd. the Jesuits who tirst drlilierutelv sought to qualify the 
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moral inti'fpretjitlonof nets hyn etiiistdcinlum i.f their reunite, 'J'o-tinv 
Hieieate lew people w ho have iii ■ c jtLii]’i j iij" h'— elearl v dlsriivE* red |h,> 
tul urn* iif ii iimiv ur less Esli| >■ p|‘T ~i jje factor in moral eon,[derations, 
f o-dny tin 1 ['i'll' iM'i'i'titifi -inalf proportion of people who frank I v regard 
morality ;i' :i means Ihi sin I'litJ.Hsim overriding of immediate um I per- 
stiniil ennsidenuioti-, out of regard to something to lie attain.;d in tlio 
future, and who break away ii I together from the idea of n endo dog- 
matii iilly established for oyer, Most of ns hit not so definitmis tliat, 
hot most of is - nre deeply tinged ivitli the spirit of compromise Iwtween 
ilie pttst nod the futiuv?; we profess Ptl unhinLiideHl allegiance tn the 
|>r('si-i'i|n 1 i)us of tin- 11;sst + mill we pnictiee n general observance of its 
injunctions, Imt we .pud ify t.ui vague, Vnriuhle extent with eousideiu- 
tioos of expediency, We hold, fnt example, tliut we must respect nnr 
promises. Hut suppose we find unexpectedly tlmt for oiiq of us to 
keep u promise, which has lieen sealed anil sworn in the most saeml 
fashion, must lead to tint groat suffering of surne oilier human lieing, 
imist lead, m fuel-, t<> practical evilf \\ ■ ■ ll I ■ [ il imui do right or wrong 
if lie F»reikn* such n. promise! i lie practical decision most modern peo¬ 
ple would make would he t o break tin* promise. Most would say Hint 
they did evil I■) avoid a greater evil. But suppose it was mu sm-h verv 
groat suffering we were going t.* intliel, hut only some suffering^ 
And suppose it was a miller important promise' With most of ns it 

would then . .. to Ii .utter of weighing the promise, the tiling of 

the past, against this unexpected hud eonsnijuouce, the thing of the 
future. Ami the smaller tlm overplus of evtl eoiiseijm>iier>s the more 
most of us would vaedlale. But neither of the live tvpes of mind wi* 
me eoutlading would vacillate at ail. The Inga) type of mind would 
obey the past uiihrsitittiiiglii , the creative would unhesitatingly sm-ri- 
tire it io the future. The legal mind would say, "they who break the 
law Hi any |a>iut Break it nltogether, while the iTfiutivfi uiitid would 
say, “let the dead [last bury its dead"' ll is convenjqnt to take my 
illustration from the Sphere of promises. Inn it is in the reatm of 
sexual morality that the two methods are most acute! v in rohlliet, 

.Vml I would like to suggest that until you him* definitely .Inter* 
milled either to otwy the real or imaginary imperatives of tiie jj«xt, or 
to set v ourself toward the ileinaMdsof some idem I of the future, until 
von have made up your mind In nd hero to one nr other nf these two 
tv pi-, of mental net Uni in these mutters, you are not even within hope 
of a sustained consistenty in the tin night that underlies your acts, Hint 

in every Wu of principle that .mines upon yon, you w ilt ... 

at the men y of the Intellectual tflood that happens it. i«. ascendant at 
that particular moment in your mind. 

In tin spin i e oj public affairs tiisn these two ways of looking at 
things work out into e<| unity divergent ami incompatible mmse.jueun-s. 
Mm legal mind insist- ii]hui h-iiititm, oonstitutibu*. legitimacies, and 
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duirlitH; the legislative inrc i ><mth !i^Lil> tluMc+ Whenever somo 
\wmi& of stives k sot* in + sunir glint conflict lictwren institution!* and 
(111- forces hi things, th&ro Col ties » tsortmg l*etw‘eeu thi j ^‘ two tvjNH of 
mind* The legal mind becomes glorified eiejiI tremdigiuvd in the form 
of hopeless loyalty, the creative mini I inspires revolutions and recoil- 
structsons. And particularly i> this difference of uttitticlr accentuated 
In the disputes that arise out uf wars. In most modern wars there rs 
mi doubt quite traceable on one side or the oilier u distinct creative 
idea, a distinct regard for ^silie future ci nisei pteiicei 1ml tin- crnda 
dispute even in most modem Wflft* and the rtole dispute in must uiediic- 
vuJ wars will In; found to lien reference,, not to the future, but to the 
jhl 4; to turn upon 11 tpicstkin of fart mid right. The wars of Pkn 
tngetref and Lruiriistrinn England with France, for example, were hosed 
entirely upon a dummy claim, supported by obscure legal arguments, 
upon tie- (town of Franco* And the arguments I hat center iiIjouI the 
present war in South Africa ignore any idi^d of a greal united South 
African state almost entirely ,, and quibble this way and that about 
who hegiLii the lijilting mid what was or ww> not written in some 
obscure revbuoa of tl treaty n score of years ago; yet buiealli the 
legal issues the bread creative idea hu> \m*n very apparent in the pub¬ 
lic mind during this war - it will he found mure or less diTmitelv 
formulated beneath almost all the great wars of the past century, and 
a h hhiii| miisi ms of the war* uf the nineteenth century with the war® of 
the middle ages wifi show, t think, that In this field also there has In ert 
n discovery of the future, an 1 in-rearing deposition to shift the refer¬ 
ence and values from thing.’' liccampliabed to tiling- to eonie. 

Vet though foresight creeps into our {mlltEr* and a reference to 
consequence into our morality, it is - 1 i 11 the past that dominates niir 
lives. But \\Uyi Why are we so Itound to it f Ir is into die future 
ive go, to-morrow h the eventful thing for us. There lies all that 
remains to he felt by us and our children and all those that are dear to 
us. Vet we marshal and order men into classes entirely with regard 
to the past, we draw idmiuc and honor out of the pilot; against the 
rights of property, the vested interests, the agreements and establish¬ 
ment* uf the post the future ha> no rights. Literature is for the most 
part history or history al one remove, and what is culture hut a mold 
of interpretation into which new things are thrust, a collection nf 
standards, a sort nf ttf*d of Kingt *g. To which nil new" express in ns mu at 
l*c lopp-d or stretched ' Our conveniences. like our thoughts, are all 
retrospective. We. tnivrd on to ads su narrow that they sidloreto our 
traffic* we live in micomfoiiable, inconvenient, life wnating liourasout 
of a love uf familiar ybajkes and familiar cilstotm and a dread nf 
strangeness. all our public alTairs are emttiped by local lKmndsiries 
impossibly restricted ami gum! I. Our clothing, our habits of »poech* 
our spelling, our weights and measures, our coinage.rinr religious and 
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political theories, aft wiling to the binding power of tin* past upon 
our minds. Yet we do not servo the pant ns the Oil new haw done, 
riien* lire degrees. Wn dn not worship our ii lues tors or prose rtf k* u 
rigid Will rest Linn-; we venture to enlarge our stock of knowledge, 
mid ivc qualify tin 1 Hussies w till occasional ml ventures Into original 
thought. Compared with the Chinese we are distinctly aware of the 
future. IIsit compared with wlint we might 1 m* i ho past is all our 
world. 

The reason why the retrospective huhit. the legal habit, is so domt- 
iiiint. anti always lias been so predominant is of course a perfectly 
obvious, one. \\ r follow Lin* fundamental Immati principle mid take 
what We cun get. All iicoplr I in Hove the past is certain, defined, anil 
known hie, and only a few pi sip [e believe that it is possible tn know 
anything about the future, Manlius acquired the habit of going In 
t lie past Iwe&use it was t he line of Jeaat resistance for his tnind. While 
u certain variable portion of the past is serviceable matter for knowl- 
edge in the case of everyone, the future is, to a mind wiihout mi im¬ 
agination trained in scientific habits of thought, nonexistent. All 
our minds are made of memories. In our memories each of us has 
sum,'thing tlu-il without any special induing whatever will gu Imck 
into the past and grip firmly and convincingly all sorts of workable 
facts, sometimes more convincingly than firmly, I'm the imagina¬ 
tion, unless it is strengthened by a very sound training in the laws of 
causation, minders like a lost child in the blackness of things to come 
mid re turns empty. 

Many people believe, therefore, that then* can la- no sort of cer¬ 
tainty alamt the future. You urn know no more id tout the future, I 
was recently assured by A friend. than yiprn mil know whicli wav a kit¬ 
ten will jump next. And to all who hold that view, who regard the 
future as a pcrjietunl source of convulsive surprises, as an iinpCOGtru- 
ble, incurable, |s rpetiial Idaekiu ss, ii is right and reasonable to derive 
such values its it is necessary to attach to things from the events Unit 
ha VI- certainly happened with regard to them. It is our ignorance of 
the future and Our persuasion that that ignorance is absolutely incline 
Iile Mini alone gives the past its enormous predominance in our 
thoughts, But through llie ages, the long unbroken succession of 
bn tune tellers and they llonrisli still — witnesses to the pcrpctiudl v 
smoldering feeling that after all there may be a better sort of knowl¬ 
edge a more serviceable sort of knowledge than that we now ]assess. 
On the win de therebi some thing sympathetic for the dupe of the 
fortune-teller in die spirit of modern science; It is one of the iterwun- 
sions that ..into one's mind, ns one assimilates the broad concep¬ 

tions of science, that the adequacy of causation is universal; that in 
tdisohilr fact, if not in that little bubble of relative fact, which const i- 
tutes the Individual lift, in absolute fact the future is jusl as fixed and 
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determinate, just 21 s settled and inevitable, just pu&dhlc a mnltcrof 
knowledge m the past. Oar memory gives u* an iinpre^iou 

of the superior reality und trustworthiness uf things in the past, 
os of things that have finally committed thpiii^lve^aiKi .wl their say* 
hiii chr more clearly we master the tending ram-eptionu of science the 
letter we understand that tills impression h one of the results of the 
pmUiar contli tioii* of * air lives uiul not an absolute trulls The tinm 
of science conies to believe sit last that the events of the year A. IK 
hum sii 1 ! 1 as fixed* nettled, and unchangeable ns the events of tbi- year 
I hi hk Only about the hitter he has wnw material for belief and about 
the former practically none* And the question arises how ftir Lhiri 
absolute ignorance of the future la u fixed and ueresjstiry condition of 
human life, ami how fur some applitittion of intellectual lm-thod* may 
not attenuate evon if it does not absolutely set aside the veil 1 w Iween 
ourselves mid things to come. And 1 am venturing to suggest to you 
that along certain lino and with certain, qii&ltiu'athinn and limitations 
a working know ledge of things in the future i* a possible and practi¬ 
cable thing. Ami m order to support tills suggestion 1 would call 
your attention to certain facts about our knowledge of the past, and 
more particularly I would insist upon this, that about the pn-t our 
range of absolute certainty is very limited indeed* About the past I 
w ould suggest ive are inclined to overestimate our certainty, just as J 
think we arc inclined to underestimate the certainties of the future. 
And such ;i knowledge of the jmst as we have is not nil of the same 
sort or derived from the name nmircoa; Let m consider just what mi 
educated man of to-day knows of the past* First of nil he has the 
rcalest of all knowledge — the knowledge of his own personal e\|*w 
rienccs, his memory, Uneducated people believe their memories 
absolutely, and most educated people lad it we them with n few reser vil¬ 
lains, Some of us lake up a critical attitude even toward our own 
memories; we know that they not only sometimes drop things oitl, but 
that sometime^ n sort of dreaming or a strong suggestion will put 
ihingaitt. But fur nil that, memory rettmlua vivid and real a* mat her 
knowledge can Ik*, and to have seen and heard a in! fell is to lie nearest 
to absolute conviction. Yet our memory of direct impressions is only 
I he smallest. jHirt of what we know. Outside that bright area C lines 
knowledge of a different order—the knowledge brought to us by other 
]ieo| >]c, Outside our immediate personal memory there mine* this 
wider area of facts or quasi facts told us by more or less trustworthy 
people. told ns hv word of mouth or by the written word of living 
situ I of dead writers* This Is the paid of rejiort, rumor, tradition, and 
history — the second sort of kimwledgeof thepaat- The nearer knowb 
edge of this mi rt is abundant and clear mid detai led, remoter it becomes 
vaguer* still more remotely in time and apace it dies down to brief, 
imperfect inscriptions atid enigmatical traditions, and at hist dies away, 
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so Tar u-s the record* and traditions of humanity go* info h doubt rim I 
darkness us bhtek, just u* black* nu futurity. And ium ]<-t mr remind 
you Hint this si-eond zone of knowledge outride the bright iiivu of 
'VImt wo have felt and witnessed and handled for ourselves tins zone 
* 1 f he* rsny ami 1 list i a ry and t rad St inn completed tin k w bolt ■ know ] edgn * 
of I he jiast that wiis accessible to Shakespeare* for example* To 11 lose 
limits 1)11111*4 knowledge of the post wilt? nlfcsGlutely confined save for 
si nr i'- inklings and guesses, save for sutm? small. almost negligible 
Imgimuhigs* until the nineteenth century tn-gac. Beside- the correel 
knowledge in this scheme of hearsay and history a mini had a certain 
amount of legend and error that mouth-d off the picture in a verv satis¬ 
fying .1 misleading way, according to Bishop t ssher, just exact I v 

■|4 h i-i y-L- = ii-H R ( And that was mini's universal history -that was his 
all— n.ilil the selentitir epoch begun. And beyond those limits -{ 
W dl, I suppose tins educated man of ilie sixteenth century was us rer- 
tuiu of the aonexisteiire of anything before I lie creation of ihe world 
as he wns T and as most of us are atill., of the praetioid nonexistence of 
the falii re. or at any rate he was ns satisfied of the impossibility of 
knowledge in the one direction as in the other* 

lbit mi idem sriruvr, that to say the ixdentless systematic criticism 
of phoinmtGim* has in the pist hundred years absolutely destroyed the 
conceptionof u finitely distant beginning of tilings: htcsalHjjldied such 
limits to the past us a dated creation set, and addl'd im enormous vista to 
tluil limited Hi.vteeuth century out look. And what l would iud>t upm 
is that this further knowledge is a new kind of knowledge, obtained 
in a new kind of a way* We know to-day. <|Uite ns cmtlidc title and 
in tunny respet- more intimati-iy than we know Saigon or Zenolda 
or C itrai-taena* the form and the huJdtsof creature* that no living being 
has ever met* that no human eye has ever regarded, and the character 
of scenery that no man inis cverseeuor cun eviir possibly see; wo pic¬ 
ture to ourselves the hihyrinthodon raising it^ clumpy head above tie- 
waters of the earlsniiferous swamps in which he lived, and we figure 
the pterodactyls, those great bin! lizards* flapping fheir way athwart 
tin- firsts of the Mi-sokou age with exactly thesauri*rertaiiU v a- that 
wilh which wr picture the rhinoceros or the vulture. I doubt no more 
about the facts in this Further picture than i do about those in the 
nearest, f believe in (he megatherium which I have never seen ti" 
confidently sis 1 believe in the hippopotamus that tui* engulfed Inins 
from my hand. A vast anno tint of detail in that further pletun? inflow 
Siveil and finite for nil time. Arid n countless number of iovotigntoi - 
ari‘ persi-’tenth uni] confidently enlarging* amplifying, correcting* and 
1 jUsh i ug flirt her mid f urt her I Nick 11 1 ift i a hi i alar ie* of t h i s g ii hi t e r j r. is ( 
wd> prehuman pttal that the m ientihe criticism of existing phenomena 
has discovered and restored and brought for the Brat time into the 
world of human thought. We have become posseted of a new and 
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once unsuspected history of the world— of which nil ttn. a history time 
was know r n. for example, to Dr. Johnson is only the brief concluding 
chapter: and oven that conduding chapter ha^ been greatly enlarged 
nm! ronveii-d by the exploring archeologists working strictly u|3on 
fibc lines of Hie new method that Is to say, rln* eornpirismi ami eritl- 
ci#iin of h 11 truest ive farts, 

I want particularly to insist upon this, that all this outer juts! this 
tionlddoriad pu^-t is this product s?f a new ami keener habit of 
inquiry, and no sort of revelation. It is simply duo tu a now and 
more critical way of looking at things. Our knovyktlgp of the geology 
teal past, c!c*r and definite as it has become* is of a different and lower 
Older than the knowledge of our memory. and yet of a quite practice* 
bib and trustworthy order — a knowledge good enough To go upon: 
and if nne were to speak of the private memory us the personal pasl, 
as the next wider area of knowledge as the traditional or historical 
past, then one might mil nil that grail and inspiring backgrounded 
remoter geological time tin* inductive pant. 

And this great discovery of the inductive jiast was got* by the dis¬ 
cussion and redlseusMon and effective criticism of a number of existing 
fads, odd-shaped lumps* of stone, streaks and bindings in ijuarries and 
diffc, anatom bil atid developmental details that had always been about 
in the world, that laid been lying at the feet of mankind so long as 
mankind hud existed, but I hut no one laid ever dreamed before is.mid 
supply any information at nlk much more reveal sm-h astounding and 
enlightening vistas. Looked at in a new way they became sources of 
dazzling rind penetrating light. The remoter pist lit up and heranm 
a pietun\ GinHiilercd us effects, compared and criticised, they yielded 
a clairvoyant vision of the history of iutermiriuIde years. 

And now, if it has been possible for men by picking uni a number 
Of suggestive and dgoilnimi looking tilings in the present, by com¬ 
paring them, criticising I hem, uud discussing them, with n iwrpctual 
insistence ii]urn why f without any guiding (milhiota,and indeed in the 
tcelh of established beliefs, to can struct this amazing seafeh light of 
inform ice Into The re ranter past. Is it really, rift 1 1 v ail l, mu b an extrava¬ 
gant arid hopeless- thing to suggest that, by slacking for operating 
causes instead of for fossils, und by eritfcbiiig them us |a L rskteiilily and 
thoroughly a^ the geological record has In-mi critic bed, it may be pos¬ 
sible lo 111 tow a search light of Inference forward instead of backward, 
ami b> attain to a knowledge of coming things a.- dear, as universally 
convincing, ami iulmitch mom Imjairtant i>» minikind than the clear 
vision of the past that geology kite opened to us during the nineteenth 
century i 

Let us grant t hat anything to correspond w ith the memory t anything 
having the same relation to the future that memory has to the post, is 
out of ihe question, Ww can nut imagine, of course* that wo can ever 
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know smj |Hirgoiml future to rorratpoml with mir [»-r*»md [*b* 1, or 
any traditional future to correspond with mir traditional \m<; but tins 
possibility of jiii inductive future to eoriVsjKjml with that groat induct¬ 
ive post of geology and arahseology \s un altogether different thing. 

I must confess that 1 t*Iiev© quite firmly that im inductive knowl¬ 
edge of it great mimber of things in I In* future is 1 becoming ii human 
possibility, I believe that the time U drawing near when it will he 
possible to suggest il systematic exploration of the future. And yon 
must iint judge the practicability of this enterprise by the failures of 
I Ik- pus i. So fair nothing Iul- Iwun attain] itctL so far im lirst-class 
inind has ever focused itself upon these issues; hut suppose the law * of 
soi iail nml political development, for example, were given ns many 
brains, were given m much attention, eritidsim nod discussion us we 
haw gJven to the law* of dmmkvd cutnhination during the lust tiffy 
years, w hat might we not expect ? 

To the popular mind of tu-dny there is something very difficult in 
suvl i si suggestiun, snlwrly made. But Imre, in this* Institution which 
has watched for a whole century over the splendid adolesce nee of 
science* and where the spirit of sc i cnee is an rely understood. you will 
know Unit us a matter of fact prophecy has always Iwwi Inseparably 
associated with the idea of scientific research* The popular idea of 
seinutitic investigation is el vehement* aimless collection of little facts, 
collected us the bower bird collects sheik und pebbles, in methodical 
little rows, and out of this process, in some manner iuiknown to the 
populair mi ml, certain conjuring tricks—the celebrated wonders of 
scionco — in a sort of accidental way emerge* The [Popular conception 
of till discovery is accident. But you will know that the essential 
thing in the scientific process is not the collection of facts, but the 
analysis of facts. Facta are the raw materia! anti noi the substance of 
science. It is analysis that lias given us all ordered knowledge, mid 
yon know that the aim and the test and the justification of tins acknti lie 
proves* is not a murketable conjuring trick, but prophecy. CnfcU h 
S 4 tentili. theory yields conlideiit forecast* von know it is unsound and 
tentative; it is mere ihenrizing* as evanescent u* art talk or the plum- 
tomw politicians talk utanit. 3Ehc splendid body of gravitalibfutl 
tbftrmifiiity, for example, establishes itself upon the certain forecast of 
stellar movements and you would absolutely refuse to believe its 
miiimng assertions if it were not for those same unerring forec&tta. 
The whole !x>dy of medical science aim*, and claims the ability to 
diagnose. Meteorology constantly mid persistently ainw at prophecy, 
und it will never stand in a place of honor until it eati certainly fore¬ 
tell. The chemist forecasts elementa liefore be meets them— it is very 
properly his lasust and the splendid manner in which tho mind of 
Clerk Maxwell reached in front of all experiment and foretold those 
thing* that Marconi Ims materinIked ts familiar to us u[L 
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And if 1 mil rigbtm*aymjj tlmtsdeiicu airiM at prophecy* mid if the 
Hpeeinlist in nii-li science is in f: m■ t doing Ills best uow to prophesy 
Within thi' limits of his fli>ld, what i> there to stand in tin* win of our 
building up, this growing body of fore<-a*t into tin ordered picture of 
the future that will be jurt n* eorlain, jtnt its strictly ^denec, and \mr- 
Imps juwt as detailed a- the picture that hats fwi-tn built up within tin- last 
hundred year* in make tin- geological past t WHL si far and until 
wo bring iho propboov dnwu to the iitTiiir* of man and his > hlldroiu it 
b just a possible to carry induction forward m hark; it is ju*t m-sim¬ 
ple and sum to work out tho changing orbit of tin* earth in the future 
until 11 10 tivinl drug hauls one unchanging faro ut last toward the sun 
ns it t ■ f r. work Uu'k to h Naming and molten jsast. Tut it man romea 
in. tho indulgin' future is as no I and enniteeing as tin- iiuUietivc past. 
l\n\ inorganic fut\v> an: the smaller jairt and the minor interest in 
this DiniTtii. Directly man heeoiiit 1 * si far tor tho nature of the prob- 
kun dian^> + mtd our w hole present interest renters on the question 
whether man is, indeed, individually and collectively mcuhiikddm a 
lieiv element which entirely alters thu nature of our inquiry und slumps 
it nt i'lur iv vain nuii hopeless, nr whether his presence eujnptiente^ 
but «iors nut alter, the essentia! nature of the induction. ilow fur may 
we hope to get trustworthy induction* about the future id man* 

Well, I think, uei the whole, we are imdhmd In u nde r rule our ehauco 
of certain Lies hi the future, just as 1 think we are inclined to he too 
credulous nhoiit the historical past. M'he vividness of our personal 
Uicntori^, which are the very essence of reality to upthrows u glamor 
of conviction over tradition and past induction.'. Hut the personal 
fa tart m nst in the very nature of things hr hidden from ti^ ^o long u_s 
time Hidures, and thi* black ignoraiiL-e lit our very fort thi- blsirk 
shadow that eiuTe^pond* to the brightue>s of our memories L-hiri i u>— 
throws u glamor of uncertainty and unreality over nil the future. 
WV are cunt mindly surprising ourselves hv our own will or want of 
will; rhe individualities iibutil us am contimudly producing the imex- 
pectci'L and it 3s very iiutmul to reason tbit as we mm never bo pre¬ 
cisely won-’ before the time come* what we are going to do and feel* 
and if we mu never coiml with jiluo!Lite cerlainfy upon the urt-. and 
happening* even of our luost intimate friends, how imicli the more 
inijMis^ible is it lo antic q uite the behavior in any direction of states 
and ceimmmit les f 

In reply to which l would advance the suggestion that an increase 
in the lumdxT of human being* considered may positively simplify 
the case instead of com plica ting it; that as the individuals increase in 
number they begin to average out. Let me il lust rate this [joint by a 
cosupariHin, Angular pit stuid has grains of tho most varied shapes. 
Examine! mi'Toscopirally, you will tind all sorts of angles and out¬ 
lines and variations, Before you look you caw say of no particular 
sm nm — -25 
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grain wims jtw outline will ln\ And it you about a loud of smli sand 
from a ni rt you ttqfc foretell willi any certainty where ituy pnrtie- 
ill:, i grain will I jo in the I h "!i ] y t hnl you make; lint you mu toll you 
can toll pretty definitely Mu* fonu of tin*. heap as ;l whole, And fur¬ 
ther, if you pass that sand through a ^rie* of shoots and finally drop 
it *>1110 distance to the ground, you will 1 >e able to foretell that grains 
of u certain sort of form and * be will for the most part fro found in 
our part of the heap and grains of smother sort. of form and size will 
la 1 found in another pirl of the heap. In studt a case, you see, the 
thing as a whole may b" gintplisr than its com[KKiciil parts* and Lhis 1 
submit is also the ease in many human affair** So ihjtl Is-mu-e the 
individual future dudes us completely tluil is no retwuit why we 
should not aspire to, and diseover uiul use, safe und serviceable jreii- 
endizations upon countless Important issues in the human destiny. 

But then* is a very gruvti and impn-iunt-haddiig different* between 
a load of -smd and 11 multitude of human beluga, uud ihis 1 must fat^e 
and examine. Our thought* and will- and emotions are contagious. 
An exceptioimJ soil -if siuuS gniimn sand grain Mint was exceptionally 
big and heavy* for example, exerts no influence worth considering 
ill a m nnv utlier of the stand grains in the Jomb They will fall and roll 
and heap themselves just the same whether that exccpthmtd grain is 
with them or not; but an exceptional man mines into the world, a 
Cwmv or a Napoleon or a Peter tiie Hermit- and he upprure to pur- 
snmlo and convince and eons pel anil take entire possessimi of the sand 
heap- l mean the community and to twist and alter its destinies to 
an almost unlimited extent. And if this is indeed tie case, it reduces 
our project of an inductive knowledge of the future to very small lim¬ 
its, To hope tip foretell the birth ami coining of mini of exceptiomil 
force miff genius \> to ho|n> incredibly, and if. indeed, such excep¬ 
tional Hum do ns much as they seem to do in warping the path of 
humanity, our utmost prophetic limit eu human affaire is w conditional 
sort of prophecy* If ]Hn>plo do -o and -o* we rail *iy, then such and 
such results will follow* and Hr must admit Malt that i-our limit, 

But eveiyl.Kxly does not believe in the importance of the leading 
man* There are tines- who will say that ihe whole world \> different 
by reason of Napoleon* But tin-re tire also those who will say the 
whole world of to-day would be very much as it is now if Napoleon 
had never been born. Them are those who believe entirely in the 
mdividiml man and those who believe entirely in the forces behind the 
individual man, and for my own pirt 1 nil 1st confess myself a mther 
extreme ease of the laiter kind* 1 must confess I believe licit if by 
some juggling w ith *pucr and time Julius Ca-sar, Napoleon, Edward 
IV, William this Cuiupiertjr* Uwd Ihi-obery. and llobeil Burns bad 
all been changed at birth it would not have produced any serious dis¬ 
location of the course of destiny. I btdiuve that these great men of 
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our* jut- no more than image* ami m-iiiIhjL imel instrument* taken* si* 
it were* haphazard by the incessani and consistent fuire* behind them; 
they are the | h 1 ii nibs Fate has used for her writing, the dianumd* 
upon the drill that pierces through the rmk. Anil the more one 
inclines n> ihLs trust in forces the mare one will bdievc in the (kw- 
sibility of n reasoned inductive view of the future that will serve 
us in ]K>litl^ v in month** in bouulI L-outrivtaees, and in a thousand 
spurious wavs. And even those who lake the most extreme mid per¬ 
gonal and melodrainatio view of the way* of human destiny, who see 
life as a tissue of fairy godmother births and tied dental inciting* and 
promise* and jealousies, will, 1 supple, admit I Imre come* a limit to 
these things -that nt last personality die* away and the grater forces 
cofiie to their own. The great man, however great he be t run imt >et 
hack the whole scheme of things; w hist he due* in right and raison 
will remain and what lie does against the g mater creative forces w ill 
[lerish. We enu (lid foresee him; let us grant that, Hi* pornoim! 
difference, 1 lie splendor of his effect* his dramatic arrangement of 
event* w ill be hi* own—in other words, we ran nut estimate fur neeb 
dents and aecttlcratioiis tutd delay* — but If only we throw our web of 
generalUatioii wide enough* if only we spin our rape of induction 
strong enough, the final result of the great man, hi* ultimate surviving 
consequences. will eortle within our net. 

SiiL-li. then, is the sort of knowledge of the future that 1 believe is 
attainable nud worth attaining. I believe that Llii- deliberate <ti na¬ 
tion of historical study find of economic; and social 4ady toward the 
future* it nt I mi me reusing t'efcrcTme, it dcUtanttc mu I eoimtgeuus ref’ 
v re lire, to the future in moral and religions dlkamion t would I# nnor- 
mciislv stimulating and enormously profitable to our intrileclual life, 
I have done my best to suggest tu you that such an enterprise Is now 
a serious and practicable undertaking* But at the risk of repetition 
1 w ould call your attention to the essential difference that must always 
hold lurtwcen our attainable knowledge of I he future and Our existing 
knowledge of the past. The portion of the past thus ia brightest and 
most real to each of u* is the individual past the personal memory. 
The portion of tins future dint mm% remain darkest and least acces¬ 
sible ia tiro Individual future, Scientific piophecv will not in- fortune 
telling, whatever else it may l*e.- Those excellent people who cast 
Imniseop-s, those Illegal fashionable pdih-raiding ladies who ulsuind 
so Hindi to-day, m whntit nubidy Is *o foolish us to believe, and to 
whom everybody b foolidi enough to go. .lin'd fear no competition 
from the icientUie prophets* The knowledge of the future we may 
ho]n.t to gain will b b general and not individual; it will lie tiu sort of 
knowledge that will either baui|ier m in the exercise uf our individual 
free will or relieve us uf our personal responsibility* 

And now. how far b it possible ul the present time to speculate ou 
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tin- particular outline tlu> will assume when it i- inv^giiM in 

this way i 

It interesting* I^fore we answer tlutl ipuwtion, intake into nm.miii 
the apmulntiontF of a certain sect and culture of polite who Already, 
before the middle of last ry* Imd set their funs toward the 
future a* the justifying explftmiticm of the present, These were the 
positivists, whose jKiAttion is ill mrat oloqueatly niainiuined and dis¬ 
played by Mr- Frederic Harrison* in spite of thu great expansion of 
the human outlook that hu* occurred -inre ( 5 omk It you read Mr. 
Harrison, mid if you an? also* hh I presume ytuir presence here hidi- 
oatca. saturated with that new wine of more spurious knowledge that 
has ton given the world during tho tart fifty years, you will have 
lieeri greatly impressed by the peculiar limkatioiis of the positivist 
conception of the future. So far ns l nm gather, ('unite WA&* for all 
practical purposes totally ignorant uf that remoter past outside the 
pu-t that is known I-* u- by history. 01 if la- was nut totally iguoiiitit 
of its existence, he wa>, Hild conscientiously retindru'd. ignorant of it- 
relevantly Ip the history of humanity* In tile narrow and limited past 
he recognized men laid always been lik^ the men of to-day; in the 
future he could nut imagine (hut they would be anything more tbnn 
moil like the men of to-day + He ]>ercoived f as we id! perceivis that 
(In- old sodal order was breaking up, mid after ft richly suggestive and 
incomplete nnulysk of the forces that were breaking ll up he set Kim 
self to plan ii new stilt ie social on lev to replace it. It you will read 
Comte* or, whut is much easier mid pleasanter, if you will read Mr. 
Frederic Harrison, you will dnd this conception constantly apparent— 
llinf there wft> mice a stable condition of Moiety with humanity. -o to 
spriuk* sitting down in au orderly and respectable maimer; that 
humanity litis Ijecn stirred up and is on the move, and that filially it 
will siL down again i m h higher plane, mid for good and nil* cultured 
and happy, in the reorganized positivist state, And since he could 
»ee nothing beyond mail in the future* there* in that millennial fashion, 
Comte hail to end* Since he could imagine nothing higher than man, 
he had to assert that humanity, and particularly the future of humanity, 
was the highest of all conceivable things. 

All that was perfectly comprehensible in ft thinker of the tot half of 
the nineteenth military + But we of the early twentieth* and particu¬ 
larly that growing majority of u* who have been kirn since the 
Origin of Spii'ictf was written, have no excuse for any such I malted 
visiuin Hur imagination* have been trained upon a pasl in which the 
]Nist that Comte knew is scarcely more than the concluding moment. 
We perceive that roan* anil nil the world of men, is no more than the 
present phase of u development so great and splendid that lie side ibis 
vision epics jingle like nursery rhymes, and all the exploit* of humanity 
shrivel to the proportion of erotica in the sand. We look kick through 
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countless millions of ytnus and thegruojt will to live struggling out 
of the intertidal slime. straggHijg frc jin jifanp^ tci ^Impe rtpd from power 
to power,’ crawling ami ihi*n walking confidently upon the laud, strug¬ 
gling generation after generation to muster the air* creeping down 
Into the darkness of the deep; we -so it mm upon itself in rage and 
hunger and rr*bap b itself anew; we watch St draw nearer and more 
ukin in us, expanding, ehlx Hitting itself, jmreuiug its rdrnlliss. ineon- 
t-eivuMe purpose, until =it last it reachi** us and its Iwingbeut* through 
our kniiiis and arteries, throbs and thunder* in our tattle shijw, roars 
through our cities* sings in our nmsie, and flower* in our art. And 
when. from t hut retrospect. we turn again toward the future. Htm-ly 
anv thought. i.if finality, any millennia] *ott lenient of cultured ]M-rsoii*L 
In is vanished from our minds. 

This fact tliat man is not final i- tin- great tiimianngeildn, disturbing 
fact that rises upon ii^ in lhe H-Imititio discovery of the future, and to 
my mind, at any mte* the f|iJCstic>ti what is to conn- after man i> 1 lie- 
most persistently fust-muting and the most insohihli- ijurstlon in I he 
whole world. 

Of rourse we have tin answer. Such i magi iial ions we have refuse 
to rise to i In- task. 

Hut for the nearer future* w hile man is ^fi i31 man, there art* u few 
general [statements thnl -nem |r. grow more certain. It seem* to ta 
prrily ijjwivntlly believed lo-duy dial our dense population- are m the 
opening | >1 in of n prove-- of di this Ion and av rut i nj j, h skeins pretty 
inevitable also that at least tin- mass of white population in the world 
will lie furred some way up the snde of erh teat inn and personal rilieieney 
in the next two or three decade*. It is not difficult to collect reasons 
for supposing- and sueh wifion- hnve been collcvtod- that in the near 
hu ure. eh a couple nf hundred years, one rush optimist has written, 
sir lei a thousand or -o„ Immanity will he detmltelv and et lusciously 
organising itself u- a great w orld -lute n gmil world stale that w ill 
purge from itself much that is mean* mneh that is ta*thl, nis<l much 
that makes for individual dullness and dreariness, gray non- and 
wretchedness in the world *<f today; and although we know (hut 
tin re is nothing final in thui world state, although we see it only a* 
soun-thing to lie reached and passed. although we are sure there will 
lie no >ueh sitting down to restore and perfect n culture a- the posi- 
1 ivUt* foretell* yet few people enn jasrsnade thetnselves to see anything 
beyond that except in the nigur-t and more gem-nil terms. That 
world state of more vitieii-iiL more vivid, lazuli ful t and eventful people 
is, so to speak, on tlio brow of the hill, and we can not ace over, though 
some of us cun imagine great uplands k-yiaid and somethitig, something 
i lnii glit ters elusivcly. taking tiivt om- form and then another, through 
i hi- him-. We mil see no detail, we ran ace nothing definable* and it 
is slmph. 1 know* the singuinr necessity of our minds tlinL makes us 
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believe ill osc 11 pin rids nf f h«- future n re still more graehiisarKl ^pleniliti 
Ilian we <hm either hop*? or imagine- lint of things? that can Ik? demon¬ 
strated we have none. 

Yet I suppose most of le entertain certain ncrcs-nry perfiuuiORK 
whin> 11 1 which J p hiorul life in this world b neitherti raisooahle nor u 
passible tiling All thi' paper is lmi'lt finally upon certain negative 
beliefs that are hiciLpiblv of scientific esmhEi'hmeaL Our live?* iniiL 
jviWers nrr limited* our scops in *ptficr and time Lh limited, and it i^ 
not imreiitpomilile that for fundamental iicliefs we mmt go outside the 
sphere of reason and set our feet upon fulfil. Implicit in all such 
speculations iMs* in ii very definite and quite arbitrary thdief* smd 
llmt 1 M'lief b that neither humanity nor In truth any individual human 
living in living its life in vain. And if untiruly by an net of faith 
Haul wr must rule rail of our foreawt^ cerium possibilities, eertain 
things thru one timy consider improbable mid against the chains. hut 
ft 1 11 l i no out* upon scientific grounds urn call iiiqiOHsible, One iiiiikI 
admit that it is impossible to show why rertuin things should not 
utterly destroy uud end the entire human race and story, why night 
should not presently tome down and make nil our dreams and 
efforts vain. It b conceivable, for example, that some great nnes 
|H-i'ied ma-a Ilf mutter should presently rush upon u* out of -.pure, 
whirl sun ami planet* aside like dead leaves before the breeze, and 
collide with and utterly destroy even spark of life upon this earth. 
Si fur as pusiiivc human knowledge gcies, tins a conceivably possible 
thing. There is nothing in science to show why such a thing should 
not lm. If b conceivable, too, that some pestilence may presently 
appear, some new disease, that will destroy, not 10 or 1~* or per 
cent of the earths* inhabitant* as pestilences have done us the post. but 
1 1 k ■ percent, and >o end our luce. No one. speaking from scientific 
grounds alone, run say. That can not 1 k>. And no one can dispute 
that some great di*f , tt*e of the utmo-pheve* softie trailing eotmUmy 
jHiisoit, some great mainuthm of vapor from the interior of the earth, 
such us Mr. Shad has made a brilliant use of in his " Purple timid, 
15 consistent with every demonstrated fuel in the World. There tuny 
arise new animals to prey tip in us by land and sea, and there may 
route some iLrug or n wrecking madness into the minds of mem And 
finally, I here is the reasonable certainty that this suit of ou rs must 
tfOftifl day radiate ifsrtf toward extinction; I hut* at least. must hup|Wii; 
if will grow .cooler and cooler, and it' planets will rotate over more 
sluggishly until mineiluy fids earth of ours, L td eh -s and slow moving, 
will he dead and frozen, and all that has lived upon ii will be frozen 
out and dime with. There surely man must end* That of all such 
nightmare* is the most insistently convincing. 

And yet one doesn't believe it. 

At least I do not. And 1 do not ladievo in tlieoe tilings th-ciinsc I 
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Ha vi" come to 1 h*•! in-vo in certain other things in th*- etiborrni*y and 
I-iir |n■ in iln- world aiuJ in the great ness ef human destiny. Worlds 
in ay fiwat? and Lillis iijjiy jierish. hut there stirs -inuething within us 
mov ihnt van never din nguin. 

Ho not m mmd erstuiid inn vrtsen I speak of ihogreulfn^ of in .in 

destiny. 

If l may ijiiitn openly so yon, 1 will confess that, considered 

n> ii liiiill product. I do not think very umrh of mysijf os Having your 
presences inv fcliow-cTciitiin^i t do not think I could possibly join 
in ibe worship of humanity with any gnuilt or ainrenty, Think of 
it* Tkink of thr jMwitivo forlx. There Itn* ’-undy moods for nil <.f sis 
ivInm imr run fed >wifis amazement that -urh - being dioulil dots! hi 
pride. Thn e arc tmxriU when our nni join its (hr laughter of Democ¬ 
ritus; and they would come ofiencr were not iln* spectacle id human 
tin |i-ih-^ * iV uliiinibnlljs -inn 1 with jmin. Hut it is not onh with pain 
1 hilt thtiworb Ms shot it issbcitwitli promise* Snail eh our vanity 
and carnality makes us, there tm- been u day or -till smaller things 
It is the long u>i rnl of She pn.st that gives 11 m- lir to our despair* We 
know now that nil the htnodund pulsion of our lifi- was repn^ented 
in iln* ( sirhuiiifrroils time by something—something, perhaps* cold- 
lihHidiihmd with urkuimy *kbu that lurked between air and water, 
airl di d before the giant amphibia »>f those ■ hiy 

For i l■ 1 the folly, blindings, and pain of our lives, wc have vomr 
soil a* way from that. And the distance wr have traveled give** n* 
some carotid of tb« way wt* have yet to no. 

Why - i ii n 1 1 it I things cense ut man J Why should not ibis rising euree 
rise yet more steeply and swiftly? Then- lire* many ihings to suggest 
that wc;iiv now in a phase of rapid and unpri . i it^ntiHl development. 

Tt.. it ions under whirls unci live aiv changing with an ever* 

in craning rapidity* and, >o fsir mir kiHiwlul^e gta^s, no -mi of 
creatures luivc over lived mulrr rkfliiyLiig simi lit ions w is hi ml Eindri^ 
goisiLf the profoumhst I'hangrs I hr nisi 1 ; Ives. In the juM riMtinr) there 
was more ehatigo In the renditions of btittimi life tliats there laid her it 
in th e [ i ii> v 1 Ti us t In msn u d y ea r >. A I mis ■ i n s < I V > '-i r^ ago i n vi ■ fit ■ *v^ a i al 
invs-stigutEirs we re rai«'-i altered mm. ami mnv inveiilhm arid inquiry is 
the work of an organixed army. This i-enlun will see .damges that 
will dwarf those of thr nineteenth enitliry, ll> tliusr of She iLineteeiith 
dvmrf those of Ihe eighttiuitiis. Oar ran see no sign anywhere tbit 
thi> rush of eh tinge will be over pre^ntly. that the p.nitlvtst dream of 
u social rt roustnietion ami of a new >tntte riilture pkw will ever 
imlizi-il. Human society never h*.- been ijuite stutisMind it will jm\- 
ently cease to attempt to lie sbitir. Everything glinting to the 

belief that we are entering upon a progress that will go mu with tin 
ever widening ami ever more confident stride, former. The reorgms- 

... Hficiely shat Ugoing on new hen.-aili sbn trudilhuiat up^ar- 

a nee of things Is a kinetic rritrgimiiaition, Wn arc gcttEEig into 
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unirelmig order* We have-truck imr rtnnp fqrcver and we are imt 
upon tin- roads 

W' r are in Hip beginning of the greatest change I lint hnnntnitY bis 
ever Undergone, There is no shocks no epoch-inakivig incident hut 
then the™ is no shock a! a cloudy daybreak. At no point ran wo my. 
Hero it ctiumuuiTOs now; last minute was night and this i* morning. 
But insensibly we are in tba dny. If we rare to look, ivi' onn fure-cc 
growing- knowledge, growing order* attil presently ;i delilienito impnn i 
me lit nf the blood mcl .Larmier of Eln- mr^ r A ml whit we am see 
mill imagine give- ns a mestsuiv and gives us faith fur what surpass vs 
the icmigiiuditin. 

|[ is paosilde to believe that Jill the past butt hi’ loginning of n 
beginning. ;ln> 1 that nil that in and has been U but the twilight of tin- 
dawn. It i> po^ihle to lieEievi* that all Hiat the human mbitl has i-wer 
aeeompli>hed is but til-- dn-Jdii before iho awakening. Wecj&n not sn + 
their i- no need for ii* to an**\ what Ihi* world will lac like when tin 1 
tiny lias fully rmiir. Wr nt‘e creaturesof the twilight Bist it is out 
of'isur fare arid lineage that minds will spring, (lint will reach taink I" 
li> in our littleness in know us letter Lhan we know mim-im s* and 
that will reach forward fearlessly to comprehend ihis future Hint 
defeats our eyes. All this world is heavy with the promise of greater 
tilings a eh I a day will tome, one day in the unending imr region of 

days, when beings. Ijeiugs who are now latent in our ..glils Liml 

hidden In nur loins dm El stand upon this earth us one brands upon u 
footstiKih ami tdmll tough and reach out their himtls amidst tin 1 slurs. 
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TWO K1NOHOMS, 

Thai th iv should be [hiv essential similarity U'twenu un Inanimate 
object mill ii living Uing seems at first mi|io-isihle. U iiitl ivsemlilaut'Cs 
can In- discovered k'tween :i stoni , a linn, ami an oak? eninpurison 
of the iIll'll :ni lI immovable j nibble with the animal that t»mnd<: mid 
the | limit I hut each ymr extendi* its- foliage give* »Ti imjmis-ion of 
strong luntrusL Between the organic unit tin* inorganic worlds is tin 
apparent abyss. 

The iii -( impressions *vi' receive eonfi rcu this view: superficial Mlmlii’s 
furnish argument* for it. Then* is thus created in iln* mind of the 
I hil'I. mill tiller in Ihm -t limit, u sharply marlo-d distinction between 
the Huturtil object.-* of the mineral kingdom on the one hand mid those 
of till' two kingdom* of living In’ings OH the other, 

But a more intimate knowledge lends every day to throw doubi 
upon tin- strii-tin ' - or absolute eharHctei of such distinction. ti shows 
that gross or brute matter can no longer lie placed on one side and 
living being' on tin'other. Seicn tis tri do 1 i I lerat cly spell k n f "the life 
of mutter. '* which s.-em* to the iirimHtructed a contradiction in tonus. 
They dl-cover in certain elns-e- of mineral bodies almost. all the uttri 
Imtes of life. They find in others fainter, vet reeugiUKnblo, indications 
of mi imdcn table relationship. 

We projiOcC to pass ill review these analogies and n -elilldanee-, ns 
has already bowl done in ft fairly complete manner by >1M. Lfo 
Erreni, Ch. Ed, GmlLuimr, I*. Bonrdcau, Ed. Griffon, and others. 
We will take ns guides tin- excellent studies of Haulier, of Ostwald, 

uiid of lamina..crystal' and crystalline germs.studies which an* 

merely a voutiTination of those of Fasteur anil of (lei'iie/. 1 licso 
show that crystal his* Iodic* are endowed with the principal attribute* 
of living livings—dint is to say, with a definite form, an apitude for 
acquiring it, and for ivestablishing it by repairing mutilations that 

"Tonis]illc 1 friun - La vm tie fa muffin} T| in IteviK- di-s l>cux MoniU- 11ms, 
(k'lutiur In. l!<K, after tvVtaon and extension by Profww»r 
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may Imj indicted upon it: n nutritive iriemise in siac at the of 

the mother liquor which constitute* it* culture milium; liiuiLty .ii still 
more incredible prn|ierty, nil the characteristics of reproduction b) T 
generation, Other curious fcirlvs observed hy skillful physicists— 
W. Roberts-Austcii. Spring,, Stead, fhOTionri, (iiiillenun* ( T hitrpy T 

Vh. Ed, (luilliuuue stum that tho immutability and immobility of 
bodies supjHiwd lo hr the must right, such as glass, the metals* steel, 
iind brass, are only false api^raiu^ Beneath the surface <if the 
metal that seems to us inert there is struggling n ^wanning populnihm 
of muh-culra that displace each other, move alauit, and urrunge them¬ 
selves so ns In form definite figure^ taking on forms adapted to the 
conditions of the environment* Sometimes it igyfrir* before they 
arrive at ft state rif ultimate and final equilibrium which is that of 
eternal rest. 

However, in order to understand these farts and their interpreta¬ 
tion it is necessary to recall the fundamental dumirtetitles of living 
Lieingft* These are precisely tin- oni 1 * which il i* ^dirved liuve Ison 
found in inanimate matter. 

I. 

HKIYIffiftAL IJFE—CiPlNIOKK OF THE rJIlLOSOHfElW A ^ P POETS. 

I, 1-RUfITlVK KFUFFSi IUEaS OF THE mm 

The teachings of science regarding the analogies Wlwcct! brute 
\ Kji|ik■ s mid living I h tii 1 ^ accord with the enure] *1 bis of tie- philoMi- 
phcr* ami the lauries of the pn-rs< The aueieiil- coneeived that all 
bodies in nature, l>oth living ami inert, were tE h- constituent parts of 
a uni versa] organism, the nincroiosm, wldeh they compared to t ho 
human microcosm* They attributed to it a principle of action* the 
jmjchr, aiiiitugous to the vihd principle, which directed phenomena* 
and an intvlliggiit principle, the m*t** mwtugoiis to the soul* which 
rniuprdiended ilipiii- This universal life or this universal soul played 
an inqporlmil part in their Uietaphyslenl system. It was the same 
with the poef.'v ! In-tr tendency liiu always l»een lo animate nature 
fur the purpose of hringing her into harmony with our thoughts and 
feeling** They seek to discover the life nr soul hidden at the bottom 
of things. 

Lul I'h the voiced. Everything him voice. 

Wirwli*. 1.01 VCM. :lrn 1 11:11 r 1 ■ -. Tn-r-s n-t^Ssp imd reck- rejoice. 

They live, tnilroi, eaeli tiling in^tnu/t with mill. 

After making pn q>er alio wan re for emotional exaggaruturn, ought 
we lo eousider these kirn-’ u> the prnphelh: divination of a truth which 
science is only just beginning to dimly perceive'? Not aE rill. A^ 
Henan 3sisaid* this <nm .1 >id animisiu, iti.sEeud of Swung it product id 
n-lim-d reflechmu h merely a legacy from the most primitive of men¬ 
tal pron-s-^*, n lennmnt of conception* lndouging to the ehildhooil of 
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Immunity, Is rivnlk tbo ti m* 1 whun im-n cnnceiv&l ftxtamnj things 
only in Wm* of them*vh + ps when ttney inadi' from ofub object of 
iiEitiin* it living: Iteing, Thu* they p^vsoiiihe»,1 fbo sky. tlio Jlie 

*hu till 1 iiioiiiitsMn, the rh + ftrs% the fountains* and tho liclds. L\\ry 
likened to tuiimn!^ voiri - tin- murmur of the forest: 

* ■ * Tlu> imk ehiili's uml the ti[wh 

In wbiiparfag- * * * 

And the- bwh nmrimlfr, TImto wn h vutrai Uw 
Los I in the wUhiw*n ddver, diktat* IiuJMwaml: 

WhOe tin? lonu \>Uw tm- unxuifl »ml<f inmlr wcmtL 


For primitive num, a* for the port of all times. even thing i* alivft, 
iiiitl every voice, every noise, is tin' expression ui tic activity oi u 
livinjr lifting who ha- feelings similar to our own. The sighing of the 
lireeste, the miiiui of the wave upon tin* stnmd, the babbling of tho 
brook, the rwring of the see. and the pealing of the thunder ara 
nothing les- tlum «KU Joyous, or angry, living voices. 

These improj^ioTLrf 'Wen 1 cnilicdied tn si mythology whose pleasing 
features cun not conceal its incdeqiwey. Chon they passed into phi¬ 
losophy awl approached the field of scioncc. I hales believed that nil 
bodies'in nature were imimatc and living. Origen considered all the 
stiirs as actual luring*, Even Kepler himself endowed with animate 
lift, a |l the bin lie- of nature, lie especially attributed t* the celestial 
iMxlies ail interfcr principle of action, which, it may he said m poking, 
ia c.nitmry to the hiw >r the inertia of natter, which hits wrongly Ih'hi 
ascribed to him to Lbe .birimenl uf Onlileo, The tcrre-stml globe 
wrt-. according to him, » great miinud, sensitive W astral influences, 

frightened m the approach of other pi.K and umnifcsling its terror 

by temnwbi. hurricanes. and earthquakes. The wonderful tUtt and 
influx <>f the ocean was its breathing. The earth hud M- blood, its 
Iterspiration, i^ exeretious; it also lad its foods, among which was 
the -et! ivntcr which it atisorbcd bv numerous channels, U should lie 
■qxid (hat at the end of his life Kepler cel meted these vague dreams, 
ivstribiiu'thvnt fhe inlhifw* 1 i»f J. C, SmUgcr, Ho i'.vpkisiHl that 
hv the soul of the olestiui bodies lie meant nothing but thdr motive 

force. 
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Tr«»*;th» fetm brut, W/c-The lowering of toe l.arncr 

Ih‘ tween brute ladies and living hollies ls-gan with those phd<wqihftts 
who introduced into the world thrgre.it principles of continuity imU 

‘' STk'^WWcAmong these i.riht.ii* J«'>ukU*‘ placed 

first According to the doctrine of that illustrious ... ns 

intenimed bv M. Eouillfa, “there is ... kingdom; only a 

great orna..ic‘kB®dom, of which ..nil. vegetable, and animal forms 

are the vmbms developments, • * Continuity ex win every where 
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throughout the world, and life* together with organization.* also exists 
everywhere Nothing h dead: life is milverail/' ]t resulls from 
this tlmt then" is no mtermpUnu or break in the succession of natural 
phetioinuiui; that everytiiiagdevdcipH gradualmid* finally* that the 
origin of the organ k’ lieing must Ik* sought in Lhe ijmrgmvic* Life* 
properly so called, W not in fact always existed! on the surface of the 
globe. It apjtcurcd there at a certain geologic epoch, in si purely 
inorganic medium* by reason of favorable conditions. IbiMhndrine 
of continuity oblige* us, however, to admit that it preexisted there 
under some rudimentary form. 

The m. idem philosopher* who are imbued with the same principles. 
1IM, Foiiilb-e, L, IkmrdeniL and A. Ssilnilier. expre:> themselves in 
term - like those of Leibnitz. * h Dead matte rand living matter are not 
two a I jeolntely different entities, hut represent two form* of the same 
matter, differing only in degree, sometimes hut very Little.** When 
there is only u question of degree it cun not Ik> held that there is tin 
opposition* Wrought not to lake inequalities for rout mrv attributes, 
renewing here the error Lhui leads the vulgar mind to consider heat 
and void tls objective states qualitatively opposed u* inch other, 

f hn f hi it Uij h»i / flux/ftt m . " Hie rca*< \ ti | ng w h u 1 1 i licit tees i is l < i re mi *vt? 
the harrier betwnm the two kingdoms and to consider that minerals 
tire endowed with a sort of rudimentary life is the same as that whirl) 
oblige* us to adroit thnl there a*- no f audit mental difference Iml ween 
other natural phenomena. There are transitions tatween that which 
live* and that which dws not, between the animate firing mid Hie 
limit' body, There are even such transit ions between that which 
thinks aEid Hint which does not think* ]« i lweon f bought and elo thuught. 
Iietm-eii the eoiiseinus and the nn rouse inns, Till* idem of insensible 
transition, of continuous jHissugwi between apparent opposites* raises, 
mi first, insurmountable resistance in mmd> not propan^ for it hv u 
long comparison of facts. It lh slowly realized and at lust accepted 
by those who. in ihe world of things, follow the infinity of gniihitions 
which mil urn) phenomena present. The principle of continuit y comes 
at Inst to constitute, us one may *ay T a sort of mental altitude. The 
mim of science may, then, lie led* like the philosopher, t<» rnhrmin Ihe 
idea of a rudimentary form of life that uritmales mutter* lie may, 
like the philosopher, he guided by this idea: he may attribute u priori 
hxbnite matter nil the really essential i pud [lies of living twinge But 
this must lie on ihe condition that he must afterwards, demonstrate 
these attributed qualities by means of observation and cxpcrimcgitn 
Lion* lie must show I Imt Uioloctihj-s and atoms, far from being merl 
and dead masses, ure in reality ac tive elements, endowed with w sort 
of inferiur life, which i- manifested by nil the mutations thnl are 
observed iii brule matter: by Alt motions and repulsions, by move- 
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nii'iit- in n>|NMisr to exterior stimulations* by variation# in state and 
of i m |iEililiriu.m^ finally. by the systematic method* by who h these 
element* group ihettwrivra, conforming tit definite type* of stiwtuw 
nntl producing different species of chemical eximpouiids* 

f tttft/ /;y pfHJftcrjWH. I In*- idea of sum mat n Mi loads by another 
ivny to die snimc result* It b another form of the principle of « in¬ 
ti mittv. \ totality of effiaste, obscure mid inHistinrt in ihemselve*, 
produces si phenomenon nppreeiabh\ perceptible* and di*tfiie% seetu- 
ingh heterogeneous in it> com pone at* without, hmvuror, Wing so. 
The im infestation* of atomic or molecular activity thus become 
mmiifiMatiin^ of vital activity. 

This b another tonaequoiice of the Leihmtxiin doctrine, For. 
meordmg to that phUosoplpcHl doctrine* individual coaraimisues^ like 
individual life, is thcs«pULHdivcoxprEMiion of a mi 1 1titudv of elementary 
lives or ri hls4moiihik*ssi!s, inappreciable because of their he? degree, 
and the rent phenomenon is found to bo the sum, or nit her the integral* 
tjf till these insensible effects The elementary t k < niseiousnesses are 
Iran non iziHh unified, intogmUal in an effect that U.vnmes manifest, in 
the same way a> -'Ibe noWs of waves, not one of which would he 
heard if by Itself, yet, when united together and perceived at the same 
ins unit* Ih^uiuu the resounding voice of ocean/ 

IdrtiH **f tftr pA/i*Mt*jtht-r» ft* and tywvriown** m hr*dr 

hotttw* Tlie jihiliKiophers have gone still further in I he way of analo¬ 
gies, and have rccognirod in the piny of the forces of brute mat ter* 
particularly in the play of the chemical forces, n luinihlo rudiment id 
the iippctenees and tendencies that regulate, in their opinion, ihe func¬ 
tional activity of living Wings—a ti m e, us it were, of their sensibility* 
The reliction* of matter indicate, in tludl* eye** the existence of a ~urf 
of hclonic conHcifiiislies--, that i- to siy, a cciiiH-doiisiU 1 ^ reduced nituply 
ti? apprehension of distinction lietwreri well-being and its opjni*ite f a 
doin' fnr good and repulsion from harm, which they siipjM^i 1 to 1 kt 
the mil versa] principle in the activity of things. This was the opinion 
of Empedode* in antiquity. it was that of Diderot, of Cuban is, and, in 
gene ml. Unit of the modern materialistic school, Higer to find* even in 
the most degraded reprcsontatii e> of the inorganic world* the first 
traces of the vltnlltv and intellectual life which ble*som> mu at the 
top of the living world. 

Similar ideas arc clearly jippnretit in the early history of nil tiiitural 
sciences. It was this same principle of appetition* nr of love and 
repulsion, or hate* that, under the names tif affinity, election, and 
iweoiiqmtibility, was thought to direct the mutations of bodies at the 
time of the origin of ebemisttyi when Bwrhaxive, for example, com¬ 
pared chemical conmiiKition* to voluntary and conscious alliances, in 
which the h-l]mh tiveeleiin-nt>. drawn together by sympathy* contnutal 
appropriate marriages 


TilK LIKE OF MATTEL 


ms 

Qrrxt'frd jtrm^tph i*f fh* h*im*Hjeneit*t i*f ifa rttwjxits mid ite 
tfrfttfi"- The tLVHiiniUtioii of brat* bddifti to living In n He**, and uf III* 
inorganic kingdom to the organic* was, in the mind of these pbiloso- 
pburs s the natural rustseqiiriiec of pc siting u priori the principles of 
eontimiitjhud qvotutiom There is. however, a principle underlying 
(bear principle*. 

This principle fa not expressed in sin explicit manner by tills philos¬ 
ophers; it is no! formulated in fimbc terms, hut fa more of lea* 
mu■onsdously implied* it is everywhere applied. It, however, Jippears 
clearly behind their iipjiJinitus of phllosopliirttl reasoning. It fa the 
affirmation that im itrmngeiiu-nt or qonibimtion of i-lemenU imta put 
forth sic] v new activity essentially different from the activities of the 
elements of which it fa composed. Mon is n living clay, ^xy Diderot 
and DaImuils, and, on the other bund, he is si thinking being. As it fa 
impossible to produce that which thinks from that which does not 
think, the rhiy must po**ta- a rudiment of tin night. But is iliere 
not Jiiiother alternative f May nut (he new phenomenon* thought. I hi 
thedfcrt of the umiugcmcnl uf this da; f If we exclude this jdtema- 
live? Avi? must then consider that avnuigoiuent and organ! mtU »a are 
incapable ..f prudiuing in umingefl and organized mutter 21 now prop 
erlv different from Unit w hich it presented before siieh jmnmgemenh 

Living protoplasm* says another, is merely :ih assemblage of brute 
elements; ‘ b lln -i brute elements JiniM, therefore, pcbwi^s a rudiment 
of life.** Tlii- k thosann 1 implied supposition which We have just con¬ 
sidered; if life is not the lisiris of etidh clement it (tin nut result from 
their simple assemblage. 

Mam atud animals 2 ire cojiibmntkifth of atoms* says M. Le Dun Ice. It 
is more natural to admit that human consciousness is the result uf the 
elementary ■■uiHciausiiesse^ of the constituent 21 1unis than to consider 
it si- resulting from mere const ruction derived from eleineiife destitute 
of am trace of comH’imjsness. u Life, ?! says Haeckel, '* is universal; 
ive ixmld not conceive it* existence in dofiniln aggregate of matter if 
it did not ltdiing to their eonstituent elements.'* This lime the postil- 
lute is utmost expressed. 

The reasoning is id way s tin same; there are even the same won la; 

1 he fundamental hy poihesis. fa the same; nnly it remain* . re or |«>s 

mispressed, more or le.^s impcrreivcd. Ii may 1*o stall'd ns follows; 

A.mngc»ierLfl ! assemblage, von struct ton, and aggregation are pow¬ 
erless to develop* 3 ri a complex, Liny thing now . essentially heroi-ugeiieou^ 
to what silivu lv I'XSsl.s in tin 1 elements* Keciprmnlly*grouping bring- 
out in n complex ft property which fa the gradual development of an 
uiuiUegouH property in the elements. It fa hi this .sense that there 
exists a collective soul in crowd-. of which the iiiardfstation* have 
been Set forth by XL G + Le Horn In the same way many soriologist.s 
adopting the idea advanced by 1*. de Lllienfeld in lhtt& T uttribute to 
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nations u certain formal individuality, following the type of that |>os- 

*c.sseri by each of their constit.it mendmrs. M. Izolet considers 

society iix an organism, which lie ralh n “liy|n**oiiT)‘/ Herbert 
Spencer bus developed the coiiijmi ri*i in of Hie collective organism with 
the individual i.rga«ism, insisting uu its resemblances nml differences., 
Tl», It 1 hot Ini'* dwelt o*i>m:illy oil llic reSLMiiblnnros. 

The [rtstnlut*' that we have clearly stated heiv in undcrst. 1 ns an 

axiom by many mind*. Hut it is not an axiom. In saying that there 
is nothing In the complex that mil not la- found in the )mrt> tiny think 
thev aiv expressing? u self-evident truth: they are, in filet, iiU'Tely 'till¬ 
ing tin hypothesis. That arrangement, aggregation, and complicated 
and skillful grouping of elements van produce emitting really new in 
the order of phenomena is an assertion 11ml needs ft Ik- verified in each 
particular tins*. 

77tf! jfl'ItH'i/lJ* <\f * 'ftutfnitlh/. It t'trtift ijtH H‘t t’J Vl‘ jft‘* • '• • ft lit/. Let US 
apply this principle l<> organized Iu> mg*. All beings in nature are 
actually nrmitgements. aggrega lea, or groupings of the *un»e universal 
matter: that is to sav. ««f the same simple rheOiieat I todies, ll resulls 
from the preceding postulftte that their activities can differ only in 
degree nml form, and not fundamentally. There t* no essentia) differ- 
Once of nature bet ween liie activities of various categoric* of beluga, 

no heterogeneity. no discoidimiity. We may ) m» f nan one..other, 

encountering no hiatus or imjMSflihle gulf, l iie law of coniiunity 
thus appear* a- a simple roiiseipience of I he fimdiitiientiil jh.sUiIhIi-; 
mid so is the law of evolution, for evolution is merely continuity in 
action. 

Such me the origins of the philosophical doctrine which uni vernalizes 
life mu! extends it to all I iodic* in nature. 

It limy he rcinarkcil that this doctrine is not con lined to any partic- 
ulur school or sect. Leibnitz was not tit all a innlcriidist.nnd endowed 
his mundane element*. hi* mound*. not only with a sirt of life, but 
even with a sort of soul. Fat liar Uoscowieb, though he win- a Jesuit 
and a professor in tin' College "f fiptue,dill not deny to his indivisible 
point* a species of inferior vitality. St, 5 limns*, loo, the angelical 
doctor, according to M. third air, accorded to inanimate sulwtuiieet* 
a certain kind of activity, native inclinations and u real appvltlioit 
toward certain acts. 

II. 

ORIGIN Of Hit DTK MATTUR IN' LIVING MATTER. 

There should !»■ two ways of proving the doctrine of the essential 
identity of brute matter and living matter one slower and more 
laborious, the other more rapid atid decisive. 

Idotlljiatition "/tin hnt matter*. lnr»t<s m<t /mag,—Tbo laborious 
method, that which we shall be obliged to follow, consist* in ex mu til¬ 
ing attentively the various activities by which life is manifested and 
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attempting to find snore or less crude eipiiviilentx for llieti] In brute 
bodies or in certain of them. 

MrvVc* Sjtrmtfiiuwfif tjMwrttthtHu The rapid and deri¬ 

sive method, which unhappily it* lieyond our npum*s would consist in 
showing unquestionable, clearly marked life, the >upoi ior life, arising 
from I be kind of inferior life tli.it is attributed to matter in general. 
It would only lie iifr-ess-sary to roiupletelv construct in all its part*, by 
ii suitable huh in nation of inorganic materials* a single living * ring, 
even the humblest pi suit or the most rudimentary animal, This would 
indeed be tin irrefutable pronf Unit the gznm of nil viral activity are 
contained in the molecular activity of brute Iwdjes tmd that there m 
nothing essential Sc? the latter that h mi found in the former. 

I'm happily tliis demonstration can not t>r given, Science fumi-lies 
no example of it. and we are forced to have recourse to the slew method, 

"Hie 11 motion here involved is tlmt of spurn (in con* generation, It is 
well known that the ancients believed in spontaneous generation even 
for ! min nils high in the scale of organ i/ntiom According b« Van 
Helmout, milt 1 could lie I Kirn by some iuconipivlieii slide fc rim 1 n tat ion 
in dirty I men mixed with wheat, Diodarun slacks of animal forms 
which were seen to emerge partly devuUrped from the tmid of she Nile, 
Aristotle believed in the spontaneous birth of certain iishes. Rejected 
us to the higher forms of animal*. this belief was for n long (imp held 
with regard to the lower ones* such as bees, which the shepherd of 
Virgil saw coining out from the Hanks of the dead I ml lock: swell as 
fljc--. engendered m putrefying meat; such as fruit worm- nml mtestin&l 
w, t mei finally with regard to infusoria and the most rudimentary 
i cgrtiibles, The hypothesis of spontaneous generation ot (h< living 
heitig at the expense of the materials of the environment has lawn 
successively driven from one chissifitatctry group to am it. her. The 
history of the science* of observation is also n history of the debar- 
of this doctrine. Pasteur gave it the finishing stroke when he showed 
llmi the simplest micro-organisms oln-vcd the general law which 
declares that a living 1 icing is formed only by dilution; lhat is in say T 
by the inServi-mion of a preexisting living organism, 

SjtuhttiHi ** tm tfriirnifiim tnm tfw //* tfy? h txfin*ij ff y f&* i/Wfr, — 

Though we have lieen unable In effect spontaneous generation in Llic 
present tiriu\ it has been put back, by tduecknl, into a more or lc-s dis¬ 
tant |nist. tii the moment when the <ani|ntg of she globe, the solidilicn- 
tinn of its crust, and the condensation of ligneous vapor upon its sur¬ 
face created condition.-, compatible with the existent* of living beings 
similar to those w ith which we areacquainted. Lord Kelvin lias luted 
thise geologic events as occurring from twenty to forty millions of years 
ago. Then ei re urn stances Itcvame propiliou- fi«r the npjH'iinuh e ■ -i' lb*- 
first organism-. w lienee were 'fitcressively derived those whirli now 
tH.-oplf! thu earth and the waters. 
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Cireiimstiim-es favorable to the apparent-*' of tin: tlrsl being* appar¬ 
ently oocittTi'd only iti ti fur distant paat, but the grater number of 
physiologists n*1 1 nil that if we knew exactly tin-*' circumstance* find 
n,uld rcpnalnoD them, we might nlm *ix|wr to produce their effect, 
which would l*‘ tin- creation of a living being* formed in nil its parte, 
developed from theinorganic kingdom. For nil thtwe who think thus 
i In- impotence of experimentation at tko present time i* purely pro* 
vigory. It- is com j mini do tu ihut of pfifflitivi' men, before the time 
,,f Prometheus, who not knowing how to product' lire, could only got 
it by transmitting it from one to another. It diqwoibi upon tin- insuf- 
litrieney of our knowledge anti tint weakness of our menus: it doc* not 
establish the inherent impossibility of accomplishing the matter in 

question- _ M , . , 

f 'ftutniFt/ ftjwit i*tf\ ■ L*J+‘ *J*tltwt r/jvV/f fUft* mt tmr Hilt ul L iiom- 

gists do not share this view, Sotue, ami uut the least among them, hold 
it to txs an established fact that it U impossible for life to arise from a 
concurrences of inorganic materials and force*. I his wiis the opinion 
of the eminent botanist. Ferdinand Cohn; of the Saxon physician, II. 
■Rkliter, mid of W. Freyer, a physiologist well known from his tinted 
reseurohi'* i h biological chcmUtry. According t* ■ these scientist.-. life 
on the surface of the glidw can not have been occasioned by reanboos 
of brute mutter and tins forces that continue to dominate it. 

\ccording to F. Cohn and H. Richter life has bid no beginning 
on our planet, It was transported to the earth from another world, 
or from the cosmic environment, under the form of cosmic, genus, or 
,y W fflK^s. mure or less comparable te the living cells with which W 
arc acquainted. They may have made the jouni. v cither included m 
meteorites or H*udtng in space in the form of eoatnic dust. 1 In' duel rme 
in question bus I wen presented under two forms, the hypothesis of 
meteoric co*Wfecen»H dun to a French wi der, the Count * M* 

(iuyou. and that of cosmic .. kpsnain. advanced in bMifl and IN- by 

F. Cohn und H„ Rich ter, 

/WUi« of th- cornin'*. The hypothesis of the 
living particles, protoplasmic germs emanating front other worlds and 
,v»ohitig the earth by means of Stones falling from the sky, is due tea 
French writer, fount de Sillies t ruyon. It is not so doatituteuf proba¬ 
bility a* ime might at lil*t suppose- Lord Kelvin and 1 dml.o t/. gny 
it the support of their high authority, Spectrum analysis shows in 
coinetarv m■bub- the four or live lines characteristic of liydrm-urbon* 
l osmie matter must then contain compound* of carbon, of tee sute 
Slum es that arc cspocially typical of organic chemistry. Mm, cur* 
Wand n sort of humus have been found » several meteorites- As 
to the objection that tim» aerolite are heated while pacing tlitough 
our atmosphere, Helmholtz responds that this duration of temperature 
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imiv lua ijuite superficial him! allow mirman^iinsiiis !■» hiiWlsI in tlii-ir 
interior* Hut other objections retain their force; First, that ( d M- 
Verworm whoronsidot* the hypottn sis of c*i*mie gemisa* inconsistent 
willi the law s of evolution; then, that of U Erroni, who denies that 
I he renditions necessary for life ran efcisl in mturplaiietarv hodiea. 

//Vy Hf?f* fittb "ft* *** t* / - ^^r. r w ■■'j f* Vtt t aI . — D ti t >n i S- Hi fc V UK M d has gi \ ett the 

name of to a dortrine very simitar to the prccecl 

ingr t fonuu Latcd hy II. Richter in Iinn! by I - (. olm in 
Araordirig to this, the tii>t living germs arrive mi our ghilie mingled 
with I he cosmic riurf that flout* in sjiace and fells slowly to the *ur- 
fttcu uf the earth. If they racnpe by this gentle fall the chngormis 

halting of meteorites, L + Errera observe* that they .st remain ex- 

jmsed tn the action of the luminous ravs, which is generally destruc¬ 
tive of germs. 

Pi ever was not willing to accept Lbi^ 
cosmic transmignition of even the most simple living beings* nor to 
bri^g other worlds itito the history of our own. Life, mvurding to 
him, must have suIjdsted for till time, even when the globe was an 
t uni i ulema it mas*. Bui il was Tint the same life m at present 
Vitality must have undergone tunny profound eluingea in the course 
of ages. The jjyiwuaiis* the first living beings, viiSniukfis were 
ijiiRe ililTcrent from the Iseing* of the present day that are disorgan¬ 
ized by u slight elevation of temperature. 

This theory of pyn warns pru|Hised by W. Preyer in 1*72 certainly 
sceDis elumerieaL imd siinilnr to ihe imagining' of Kepler, yet 
in u c ertain win it accord* with ronl etui wary idea- muer ruing the 
life of matter. It Is related to them hy the evolution which it implies 
in Ihi- imiterial* of the terrestrial glolm 

According t-j Prey or, primitive lift existed in the fire. Being 
igneous in fusion the pyruznaiis lived after their own manner; 

their vitality, slowly modifier!, finally took on the form which it pro- 
senls to-1lay. Yrl + in this profound I mnsfonual ion their number bar! 
ant varied. smd the total rjunisttty ^f life in the universe has nztudtied 
the same. # 

We rccognift- hen- the ideas of Buffon. These cosutosoaiiH, these 
pv ragmans, have a singular resemblance to the organic mo lee tiles of 
"live lilnlter** of 1 he iUmtrhuLs nulliimllsl everywhere rlS^trioiited, 
indestructible* and forming, hy tln-ir r<rnrcnlration* living struetUres. 

Bin il is tittle to absiTidmi si-ientilie theories and to come to argutitetil- 
bused a pen facts. 

It is witb a spirit :|Liile diflerent from that of the ]**■!>♦ the meta¬ 
physician % and the more or le-s philosophic.!] scientist.- that the sci¬ 
ence of our days looks nt the obscure vitality of inanimate bullies* 
It Uiiitk- that there it* he n-i ugni^.ed there, in. a more nr Li fc -s nidi 
me Mini) stub-*, the art ion of the name factors which operate in living 
bring** the maid festal i mi of the same fun da me id a I properties. 
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ORGANIZATION \ VI* CHEMICAL COMPOSITION OF LIVING ANI> 
BRUTE MATTER. 

I&m munition nhtiwcter* ofUciwj 1* ings. The pro- 

j(nuuiii<‘ which we have ji■ si 'kctclu'il obliges ns to seek itt tlie brute 
Ik*i n^f for the pru|inrti**s uf living liemga. What, then, lire, in Tin t, 
the chniwsteristjrx of nn nut he»tic. complete. living being} Wlmt nos 
it^ fundamental properties! We bnvc enumerated them nlwvo a* fol¬ 
lows: A certain chemical nontpooition* which is that of living mutter; 
a strut-Hire or uigmiittitioii; a specific form; tin evolution which has a 
duration ui el tin end, death; u property of growth or nutrition; » 
property of reproduction. Which of these elm mete r* counts for the 
most in the definitionof lifts f If some of them were wanting, would 
tintl suffice to put l melt si In dug. who might pvt*.-**- the others, from the 
Animate world to rhm of minerals} Timt is precisely the question 
thiit is vnider consideration. 

Qrffttviz<t(ifrn <tufl rht w i<wl rmnjiamtittH of tS^mg beings ,— Ots the 
whole, nil 11 nit we know concerning the constitution of living mutter 
nml its organization is con till tied in the Inwsof the chemical unity mid 
morphologic unity uf living beings. These laws seem to lie a Icgiti- 
iiiiktr generalization from sill the facts observed, The lirst declares 
that (he phenomena of life are manifested only in and through living 
matter, protoplasm; tiiat is to say, in and through a rtifotunrc which 
has u certain chemical and physical comp .sition. t hewirally ii is a 
prou-id complex us with n besoiiu: nuelcua, Ptrysii.nl lv it shows a 
frothy structure imutogous to that resalting from the mixture of two 
granular, Imm iscible liquids ili tie ring in viscosity- The second law 
declares that the | die nomenu of lifts mn only ho maintained in a proto¬ 
plasm which ha- the organization belonging to si complete cel), w ith 
its cell ImkIv and nucleus. 

Tfrfttfm valvt qf than la*tm — Jikoqfi&ns .— What it the signification 
of those law's of the chemical composition and organization of living 

Wingsf Evidently that life in nil its plenitude . .. occur nml he 

perpetuated under their protection. If these laws wen aWutc, if it 
w.-re true that im life wen* possible except in and through albumin mis 
protoplasm, except in and through the cell, the problem of “the life 
of matter" would be decided in the negative. 

Muv it not hr, however, that fragmentary and Incomplete vital 
manifestations, progressive sketches of n true life, may occur under 
different conditions: for example, in matter which is not protoplasm, 
ami in a iaw.l v which hits a structure differing from that of a roll—that 
is to say, ill a being which would >*■ neither animal nor plant i This is 
the very question we have to consider, and wo must seek its solution 
by the wuy eEppriifieufaitiofl. 
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\\ it hunt leaving the iiiiimal anti vegetable kingdoms that is to say, 
among veritable living beings—we already perceive attenuation in the 
rigor of the laws governing chemical constitution niid rollular 
organization. 

The experiments of merotomy, that is to say of amputation, tried by 
Waller oti nerves, on infusoria by Bnuidt, Umber. Nu—I«ujm, Ikii- 
biniii. and \ erworii, teach us the necessity of the presence of the rr|lu> 
lur 1 Italy and the imclrtis that is to sav, of the integrity of the Cell, 
But they also teach us that when that integrity no longer exists death 
does not immediately ensue. A part of the vital functions continues 
to In* performed in drnnclrutcd protoplasm, in a cell which is mutilated 
and incomplete. 

f j/kt'tHMth'na .« •.•ruxfi’il/H'litirpitiHtH.- it is true also that griiul- 
ingaml crushing suppress the greater part of the functions of the 
cell. But tests with pulps of various organ* and with those of certain 
yeast plant- show that protoplasm, even though ground and dis¬ 
organized, ..iot lie considered us inert, and that it still exhibits many 

tif its characteristic phenomena; for example, the production of dias¬ 
tases. specific agents of vital chemistry. Finally, while we do not 
know enough about the action- of which the secondary elements of 
protoplaam are capable its granulations. its filaments, which one or 
another method of destruction might disclose—to lie able to deny that 
protoplasm bus power of action iudcjwndent of its own integrity, we 
»t IciL-t know that actions of ibis kind exist. 

To summarize. we are fur f rom being able to deny that rudimentary, 
isolated, vital acts may not lie executed by the various bodies that, 
result from the dismemberment of protoplasm. The integrity of the 
cellular orgauizatibw, even the integrity of protoplasm itself, i* not 

indispensable for theae muni fetation.- uf vitality. 

Besides, i nit it rail sts admit [lint within the protoplasm arc iilnpiot 
parts, elements of mi inferior order, which p..-srs- special activities. 
These secondary elements must have the principle of their activity 
within them-elves. Such are the bir.phoje* to which Wei.ssmunti 
attributes the vital functions of the cell, nutrition, growl h, and multi 
plication. If then- arc luophotos within the ch- 11 they mnv be imjic-imsi 
as outside of It. nrid sinee they carry within themselves the principle 
of their activity, they may exercise it ji, an independent manner. 

1 nhuppily liie bin phi ire,-, and other elements of that kind, mv purely 
hyput bet teal. They an-like tile gemmules of Darwin, the bioblaets 
”f A ttmaiiit, ami the pangencs of I >o \ rit s. They have no relation to 
friet-,if i iJj—cn (if t,in and to real existence, 

Vttaljfhrnnuxita >n brute Wov, -Theto i- f jo doubt but certain 
pbenomena or vitality muy uocur outside of the cell ami it- tieighW 
!*'***• r,> ™ rr - v tlj i- farther m may admit that they mav tie produced 

in certain unorganized bodies, in certain brute lxHlies. [ n every cum 
theiv are surely produced effects simitar at least to those which are 


THE UFE OF MATTER. 


405 


T b hnnicterwti<-nf living 1 iiiiittvi 1 . If L for observation and t xpninifc rit 
tn deride as tti the degree of similarity, and they have, in fact. (tedded 
tlmt the similarity is rompteto* The crystals nml eryatulliim germs 
studied by Oswald Lind Tallin mini are t hr r seat of phenomena ijqjle 
emu pa ruble to iliow> of vitality- 

IV. 

EVOLl-TlOK AMI VNTABN.m OF UYlNti MATTER ANl» BRUTE 

M ATTEtL 

One of Him most remarkable ■-ha rarte retries of u living lifting is its 
evolution, Jr uudergoes tt roni-mnonschange* Jf -darts with a feeble 
beginning; it is fortned, grows, then in urdimlfy nises decline- jind 
disappears., I Hiving followed u predictable tanirse, regulated ns to time, 
a ^ort of idmil trajectory- 

Suj/jxm *i im-iAtJySifg (*f ht*tU bulies. 11 may be anknl whether tills 
evolution, this directed mobility. Is so exclusively u fiaitnre of the 
living ladng n* it appmr*, and if many brute lw^ies do not ]u*v*iMit 
cornet I dug analogous to it H The re«pi«i« is not at all doubtful. 

Hi eh nt was mistaken when lie rout rusted in this respect brute Ihaties 
with living Wlic*, Vital properties, hi* said, ah- iempoTury; it i- 
their nature to exhaust themselves; in time they are n^sl up in the 
same body- Physical propertied, on the eontmry* are eternal* Unile 
bodies have neither ronnneiu-i-inent nor ueeessivry end, neither age nor 
evolution; they renntin as immutable us death of which they are rhe 
image. 

J/rtWZ/fy *tn*i wittii&jflty af tfir- jttefcrrtif * ntr/d*— This Is not true, in 
tile first place. of |lie sidereal bodies. The uneients believed that the 
>iclvreat world was immutable tuui incorrupt!Iile. Tiie dorlrhie of the 
iiicomiprihility of the heaven* prevailed up to the seviiiiti eiilli cent 
urv\ Tbft observer* who at Lhat epoch directed toward the heavens 
the iir.st leleacojw, which <t nil leu had just invented, were struck with 
a^hniMutienl lit discovering change in the celestial dfniameiit tbit 
they had Iwlicvod incorruptible ami by perceiving a new star Hun: 
appeared in the constellate in of Serpen taring Stick change iso lunger 
surprise ns. The i’osniogoniv system of Laplace taa> become familiar 
in nil cultivated minds and everyone is accustomed to the idea of Hie 
mobility and continual evolution of the celestial world, ^The star* 
have nut always existed/ 1 writes 11. Faye; ^they hitye had a fa rani 
of formation; they' will likewise have a period of decline* followed 
by a him] extinction/* 

AIK the bodies of inanimate nature an- not, ihcn, eternal and iiniim- 
table- the celestial bodies are eminently susceptible of evolution, slow 
indeed compared with Hint we observe on the surface of our globe; but 
that d is proportion* corresponding to the immensity of time uni I c«f 
eosrnsc-piu-i^ as iirnsjaiml with our terrestrial measurements. should 
nut uiirdiaid n> to the fundamental analogy of the phenomena. 



41111 THE LTTE (IF 1UTTEK. 
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ft is not on I v iii it hi* celestial s|ttu-es that we nnH search fur I hit I 
mobility of brute mutter that imitate* that of living mutter. In ordut 
to line! ii uv have only to look about us or to interrogate physicist* 

and chemists. 

A* to the gtHilogkto* M. le Hunter speaks somewhere of one of them 
who divided minerals into living iwks, those susceptible of changing 
their structure, uf undergoingmi evolution under the influence of 
atmospheric caused and doad rock*. thus* which, like flay, have fomid 
at the end of all their change* a final state of revise, -femme < imlan* 
a celebrated scientist of the sixteenth century, at once mntftrmntteiiin, 
natural isk, and physician., declared not only that stone* live, but that 
they culler from disease* old age, and denih. The jeweler* of to-day 
speak in this way concerning certain precious stones., turquoises, for 
example. 

The alchemists carried these idea* to an extreme, li i* tint ueces- 
sarv here to mull the past, to evoke hermetic beliefs or die dreams 
of the a Idie ii lists, according to whom the different kinds of matter 
lived, developed, and were transmuted into each other. 

We refer to precise and recent data- established by the most expert 
investigators* and related by nne of them, Ch- Ed, (liiilhiumo, three 
years ago, lafore the Helvetic Society of Natural Sciences These 
data show I hat the determinate forint of mutter may live and die, in 
the -ere*i- that thev may become modified ill 11 slow and continuous 
maimer, always in the >ame direction, until they have attained m 
ultimate mid definite state which is that of eternal repose. 

7^: intiafintif wowm /ifa ./flrafr*#.—The reply of Swift to an idle 
fallow who spoke slightingly of work is w ell known; k "Iu England, 
slid the author of fiullivere ‘‘men work* women work, horses work, 
oxen work, fire work*. and beer works; there is only the pig who 
does nothing at all; he must las therefore, the only geiitlciwan in Eng¬ 
land.^ We know very welt that English gentlemen also work. 
Indeed, every 1 h m ty and everything works. And the celebrated humor- 
ini was nearer right than he supposed in comparing in this respect men 
and things. Evervihing is at work; everything in nature toils and 
hI rives, at every stage* in every degree* Immobility, repose* are 
usually* in natural things, merely n false nppi*mnoc; the seeming 
ipiietuile of matter is mused hy our Itmbility to appreciate its interior 
agitation. Bemuse of their mi mile ness we do nut perceive tin swarm¬ 
ing particles that compose it, and which* under the impti&Hihlo surface 
of bodies, oscillate* displace each other*, move to mid fro, and group 
themselves into forms and positions adapted to the conditions of the 
li-tiviruimienl. In comparison with these inicro^cupic elements we are 
like the giant uf Swlfl in the midst of the jjenple uf Lillipul; and lids 
is fur Vm- 1 ow the actual facts. 
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Khirtif eofi<vjttitm „/inm--, nt-. I In- idea "i this yH-euliur 
ugitui urn is by no moans now to us. Wo wen- familiarized with it 
in Hok-nytic! theories during our col logo 'lays. I In 1 atomic theory 

reaches uh that iimtter In-liitv^, fmm a chemical pni.. \U-v.\ as I i it 

woro divided into molecules ami atom*. 'the kinetic ..rv explains 

tho wuiBtitution of gases and tins c If eels of bent l.y supposing tbnt 
tlicso particles an 1 endowed with movements of rotation anil displace* 
intuit. The wave theory explain* hiiiiimtfti* phenunnanti by suppling 
Ijoi-uliiiv vibratory movements in a s|M*eiai medium, tho i 
those are- merely hypotheses tv hi oh are ii"t at till 
tho image* of things, not the things ihemselvr* 


I lor. Hut 

v; thw urc 


hy 

*mil 

triu j 


R'uHitt Here l ho tv is m< .|iiv»1iunof 

pothe*-*’ This intestinal agitation, this interim- work, illi- inix-s- 
ni activity of matter are positive facte, uti objective reality. It is 
no Mint whoii tin- chemical nr nirohimleal equilibrium of liodiiw is 
disturbed it is restored more or loss slowly. 801 no times days and 
years are required in-fora it 1' regained. Seureuly do they attain t his 

’relative repose when tlmy are again disturbed, for tin- cavil*.lent 

itsolf is not fixed; it suffers variations widt h reiu-f in ihoir turn ujkjii 
tho body under riHisidi'nilion; and it is only at tho end - if those varia¬ 
tions, at tin- end of their resiwefive jH-riod*. tiiat they together attain, 
in a universal uniformity, an eternal repost*. 

We shall see that metallic alloys nmlcigo continual pbysienl and 
chemical change*. They are always noting on Ml uitihrliim which more 
or less escapes them, jg^v deists in modern times have given their utU-n- 
tion to this intestinal activity of material bmli«* in pursuit of stability. 
Wiedemumi, Warbuig, Tomlinson, M,M. Duguvt. tlrili uim, Dulicin, 
and ihmasse have revived tin* old @X]»ri mental atudh-aof Coulomb and 
Wcrtheim updo the elasticity of liodics, the effects of ] no-sure, tract ion, 
htunmermg of metals, tc-inpcnng, and annealing. 

The intestinal activitv manifested under these otnmm stances pn-acuta 
unite remarkable oim motorist a - which haw ho.-n almost 
compared to the analogous ptiernmumu presented by hr mg 
There has been created, even in physks a liguretm-1. rmmology, and 
metaphorical expressions have iwtm borrowedfrom hi-logy. 

tWs/MWW »ftk* .x drihj ■>/ Wtth ,n tn;hj Tt uas 

Lord Kelvin who first spoke of the fatigue of.taU *«■ the fatigue of 

clasticitv. and. since then. Huso showed for the- antm hodtes the 
fatigue of the elertrk touch [tact 1 ho term*, .^m.niat ion 

hasbeen wupioved in the study of torsion, anilm-cord.ag to I mulinson, 
for precise!-i’ those phenomena which are tlm inverse of those of fatigue. 
The phenomena presented hy when it U Milqertad to an exterior 

forte which dowlv bends it, have ... considered us those of mlapta- 

timi. The methods hy which a bar of steel resist.-* wire-drawing luivo 

of defense against threatened mpture, And 


turn. The met h 
Won regarded as moans 
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M. Charles Edward tm II laumc speak* somewheToof "tile lieiv>i> rasist- 
anraof the bar of nickel-steel." The term k *deJhj»w * 7 him been aim 
appliivl to the Iiehurior of chloride or iodide of diver when exposed to 

Hiere has I teen no hesitation In using the term memoryconcur- 
tenth' with that of hysteresis to designate the behavior of bodieg snh 
milted to the action of magnetism or of certain mechanical forees, It 
b true that H, Ikjimssc protests in the name of the phyrdru-mUtle 
eimtiehms against the employment of these figurative expressions* 
But Ijll-e he not himself written twisted wire is n wnteh wound np," 
und elsewhere "the properties of ladies depend nt every moment upon 
ul! anterior ruud Ideations? " Is this not to say that t hey retain in soirto 
inn liner the impression * if the changes I hey bn ve experienced i Power¬ 
ful d^fomiative agencies leave a trace of their action. they modify the 
state of molecular aggregation of the lnxJy t and some physicists go so 
far tts to siv that they even modify its chemical constitution. With 
I In- exception of M. Dublin. the mechanicians who have studied cIb#- 
tiellv admit that the effort of an exterior lorn* upon a body depends 
upon the forces to which it has iiecn previously subjected, and not 
merely upon those which are acting upon it at the time. Its present 
state mu not tie predetermined, ft is the rmipituhiticui of preceding 
states. The effect of n torsional force upon a new wire will Ik* differ¬ 
ent from that of the same force upon a wire preriously subjected to 
torsions mid detorsimis. It was with reference to actions uf ibis kind 
that Boltzmann in 1*7(J declared that a wire that has U-eu twisted or 
drawn out rci!Uinher> for a certain time the de fori illations to which it 
has Wen subjected, I Ins in v in my b defaced and lost uftcr a cerium 
definite peril kL Men then, in a problem of static equilibrium, there 
is iutrodms-d iiti unexpected factor -time. 

I hi summarise', if is the physicists tfieiusrlvvs ivjso have Indicated 
t}je cOlT&spond ujire 1*4 ween the slntc of existflBCP in iEia!iv r brute 
bodies and that in many living bodies. It mu not be expected that 
these analogies will in any way <erve as explanations. We should 
hither seek the derivation of the vital phenomenon from tin? physical 
phenomenon. This is the »ok ambition of the physiologist* and the 
inverse of this Would he uimmsofiidde- We do not assume to dot his 
htnv. It nevertbetess true tbnt analogies are of service, were it 
only to shake the eon tide nee which, since the time of Anatolic, hits 
l^en aeeoinied hi the division of the Indies of nature into jmteA&t and 
Ujmw/tint (hat is to say, info living and brute bodies* 

^ THE BUllWMAX MOVEMENT. 

/'fa *j'taUuff uj th* ffn/trutHt* totfii'f iiir.nL — The most simple 
of judging of the working activities of matter Js to observe it in the 
ea,^ Where the liberty of the partirk* fe not interfered with by the 
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action of the neighboring particles. Wi i approach that condition 
when ivr oliscrve through the mJeiWicope grains of duM suspended in 
a liE|uid or globules of oil ^tttiptuiclcd in wafer. Sow the result of 
tins case i* wt II known to n)| miemacopisfe. If Um gnmuladdiis nre 
wiifliiSently small, they nre seen to lie never at rest, They are 
animated by a sort of inGt$sam tremor; we *er the phenomenon 
called the ^Bmwitism movement/' The spec Earle of Hi in agitation 
has struck nil observer* si nee the invention of the loupe or simple 
microscope* ll-iit the Englishman. Brown. in 1-S27, made it the object 
of a spfvittl study and left it bin name. The exact explanation t if it 

ren mi.. for a longtime obscure. it was given in lSS*4 by the h mritecl 

physicist uf the faculty of Lyons, AL flour. 

The ulserver who for the first time looks through tJm microscope 
ul a drop of water from Hie- river, from the smq or from nny on lining 
source that i- to my m water not specially puritied—is struck with *ur- 
pi'i"^ arid admiration at the apertm-le of the motion that appears in h . 
Infusoria, microscopic nrtkulatn, various mkro-orguntstnH, people rim 
aiieroSDopic held and animate it with their movements; hut at the 
ss it up time all sorts of particles are also agitated, jmrtirles which can 
not lie roimdered ns living beings and which arc, in fact* nothing hut 
organic detritus mmerut dust and debris of every description, Quite 
often the singular mnveiiienfe of these granuhilioi^. which simillale up 
ton certain jHiini those of living Iwdiigs, have jH'FpIrxed lln j ol server 
or drawn him into error, imd the IkkUch [tint manifest them have Iwn 
iii ken for miiimdcutrH or for htiHerhi. 

('hatuwjf't'H fifth*# m&WMt'ftL— But it is ordinarily quite easy In 
avoid I his confusion* The Brownian movement is a sort of oscillation* 
u treadmill of to and fro movement not lUnaNmpanied by translation. 
It i> jj. Saint tiuv's dance executed in otic spot, thus distinguished from 
liie movement* of displacerm'iiE habit uni to animate beings. Each 
particle execute* its invu special lining, Each one acts un it' own 
account independently of its neigh I mr. There i> + however, in the 
execution of these individual oscillation^ n *nrl. of eoi mtm and regular 
character which arises from the fact tliat their amplitude* differ little 
from each other* The largest articles are the slowest; nl>ovo four 
one-thousandths of n millimeter in diameter they almost cease to lie 
mublle* The 'tindlest arc ino^L ueth v. When so small as to bo barely 
visible through the mii+rirfrupe tlie movement is ex tamely rapid mid 
mrs only ocejiriitiuiilU lie pcri'ched. It 1- probdijp that it would 
still more acrclemfed for snraller objects, Imt the latter are deMlucd 
to eternally escape our enervation. 

/fa hiiltjx'tttfrm-' fifth* nfitnrt ofth* fij fht > n rl ft mm* hL- 

M* I * city has remarked that the movement depends neither on the 
nature nor on rise form of the particle*. Even the nature of the 
liquid has hut little influence. Its degree of viscosity uloue is of effect. 
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The movement aro, indeed. wore lively in alcohol or ether. which are 
vary mobile liquids. They itre h|ow In sulphuric aicicl and glycerin* 
In u grain one two-tliousandth of 31 tniMiDfitt'r in dknift^r tntv- 

erses, lit a Second, ten or twelve times its own length. 

The fiutt thui the lirownliQ. movement is scan in liquors which have 
been ijoilpd^ in acids and in concentre ted alkalis, hi toxic solutions of 
ill) degrees of temperature* show- conrliedvety that the phenomenon 
bis no vital sigidj$c*iirc; that h is in no way connected with vital 
activity so culled. 

ft# hutrftnii* ffwattoft. The most remarkable character of this 
phenomenon is its permanence. its hide finite dun.it.Ion. The move- 
merit newr cpusi&k, tIn■ particle never arrives w\ repose and oijuISih- 
ruini. Granitic rocks eoivtain quartz crystals which at the moment of 
(heir formation included within a dosed cavity a drop of water which 
contained a 1 nibble of ga& These bubbles* contemporary with the 
Plutonian age of the globe* have never from tbil time ceased to mani¬ 
fest the Brownian movement, 

It* at' nui US ml is the niiise of I his 

eternal oscillation; Is it a I remar of the earth f No* M. < tony * rw 
the Brownian movement exist far from cities, where the mercurial 
mirror of a seismograph avowed no sutbtertinman vibration* U did 
not increase when these vibrations append and be came quite appro- 
rUddr. Neither is it dm aged by variation in light, mugnetlstu. or 
electric influences; in si word. by external occurrence*. The mult « i 
observation 1* to place before as the paradox of a phenomenon which 
is kept ii]] and indefinitely perpetuated in the interior of a body with¬ 
out known exterior r;mst\ 

1% Bfmruttm moMiu.nt m ft*? h* fhr rtW tjf molecular mare- 

ment *— When we take in our hands u sheet of quartz which contains 
a giwdoua invluaiofi we seem to be holding si perfectly inert objwL 
When we liave placed it upon the *tage uf the mienneope and have 
di'inoustrated the agitation of the bubble we are convinced that this 
scorning inert in is merely an illusion* 

The repose exists only in the limitations of our vision. We -n■ (hr 
object-as we see from afar 11 crowd of people; we perceive them us 
h whole, without lrfdiig nidi' to discern the individuals or their move¬ 
ments. A visible object is. 111 the same way. a nni-s of particle*. Ii 
Is a moleruLar erowd. It gives Us the impression of an indivisible 
mass* of 3i block in repose* but a- soon ii" a lerjs brings n* near tot lib 
erowd, us soon us the microscope enlarges fftr 1 W the minute elements 
id the brute body, then it ap^ieai* to ns, and we perceive the runtimml 
agitation of those ivlinureat least (our one-tbmsamlliis id si millimeter 
in rfiftiiifiter, The smaller the particles under ions idem! ion, llie more 
lively arc their movements. From this we infer tlmt if we rutilil per¬ 
ceive moleiailes whose pmlnhte dimension- an* iiInpui tine thnusmid 
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lime* less, their probu file velocity would bo, »s required by the kinetic 
theory, some hundreds of militmetont pec aeoond. The Brownian 
veUttUy of the smallest objects we am perceive i- Imt »>me thou- 
stmdths of a in i Hi mete r per second. Doubtless, concludes M, lnmy, 
the putsch's Uiut show this movement lire really enormous when com¬ 
pared with true tuotecules. Looked »t in this way. the Urowniun 
movement is but the first degree and a jjhw manifestation of the 
molecular vibrations which the kinetic theory siippn**. 

5, Tttt; istkotwal activity or hoiitfa 

MhjisUinu >{f vMtiUsriat jwr/'We#.-—In the Urownhui Movement we 
take into account (mlv very small, isolated musses, small free frag¬ 
ment*; tliut is to sav, material pirtides which are not hitmjwrrd by 
their relations to neighboring particles. Any other bin a physicist 
might believe thill in true solids endowed with cohesion and tenacity 
it] which the molecules arc bound one to the other, in which the form 

umL the volume are fixed, ther.. I*.longer any movements or 

changes. This is mi error. Physics teaches us the contrary, and. 
cs|iccijill v ill these latter years, has furnished |ik cliiiniHeristk- exam¬ 
ples, There arc veritable migrations of muteritJ partiel.** throughout 

solid bodies migrations of considerable exii nt. They are an.. 

plislied through tlic agency of diverse forces acting fn.be exte¬ 

rior pressures, tract ions, torsions—sometimes under the notion of 
li**ht, sometimes under the action of electricity, sometimes under iln- 
itilluence of forces of diffusion. The miemseopie olservatiou of alloys 
by ji. and A- lieclifitetier, ■>. Ilopkinson. Osmond, Charpy. 

J.-lt. Benoit; the studies of their physical and ehcmieil properties by 
ilM. Calvert, Matthiessen. Hirhe, Koberl- Aii'leii. Lodge, Ijiulie, 
andt h.-Ed. fimllaunie; the experiments in the electrolysis of gins.', 

..furious results of Bose upon tin- electric- lend. |tHcr . lccinque| 

of uietuU show in u striking mao nor the chemical and kinetic evolu¬ 
tions w hich occur in tbe interior of bodies. 

}[;„„<& . ml, r tf" h rfaemv of rre^Af. An experiment of <>hor- 

merer which dates from 1*77 furnishes . xatuple of ibt< irngni 

ti, ii’is of solid bodies through u hardened viscid mass under the mlluenrc 
„f Wd.du Shoemakers wax. tin black wax that shoemaker* und 
boat builders use, is a kit.d of resin extracted frem the pine and other 
r ,Miaous trees, melted in water, and sept rated from a more fluid part 

which rises above it. It is colored by the liuupMscfc pro<iu..>v the 

vi an bastion of si raw and f nigin«nts < if Imrk, A t an ordinary temper 
atnre it is a DMUS SO laird that It nil. nut always be ,r,denied ^ly by 
the fihgvr mill; but if it is h‘ft to itself in a receptacle it finally yields, 
spreads out ns If it wore a liquid, and .-on tonne to the shape ot tho 
vessel, SupiK.se we place within a cavity hollowed nut of a piece of 
wood a pu t ion of this w ax and keep it there hr means of a few pel. 
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tiles. Ini vim; previously placed tii On* laifctom of tin 1 cavity some frag¬ 
ments of a light substance, like cork. The pierenf wax is tlm* ln-lwrt'tt 
h light body below and a heavy body above. If we wait u few days 
lliis order is reversed the wax has Idled the cavity by eonforming to 
it; the cork has passed through the wax and appears upon the surf me. 
while the stones an* ul the bottom. AVi> have here the celebrated 
experiment of the flask with the three elements in which are seen the 
liquids mereury, oil. and water superposed Hi I In 1 order of their 
density, demonstrated in thi* case by means of solid Imdire. 

hitfiutHv nf' ift'ifuNttni. Diffusion, whieli disseminates liquids 
throughout i:neii otiier. may also vans*' solids to |mss through oilier 
solids. \\\ Huberts Austen places a little cylinder nf tend nputi u disk 
of gold and keeps the whole at the temperature of ladling water. At 
this teiii]*<ruture faith metals are perfectly solid, flineu gold dues not 
melt up to i.iw> C. nor lend up to 33>> . Still, after this contact has 
been prolonged fora month and u half, analysis shows llml tlio gold 
Ims hix-onn- dilfitsed to the top of the cylinder of lead, 

I„rfirnn‘t ufrlnkrtilif*<U. ■— Klcctrolv sis offers another means of trims* 
{Kirtutinn no loss remarkable. By ils moans we may force ltiefitls. 

suck as ..»r lithium, to (ai*s through glass walls. The nxperi- 

in,-ul uiav lie ]ier formed in the method indicated by M. Chariest mil 
1 an mo. A glass bulb containing mercury is placed in a hi lb of sodium 
amalgam and a current b then rondo to pass from w ithin outward. 
After some time it «m lie shown that the metal has |H>aet mted (lie 
wall of the hull' and liecome dissolved in the interior. 

!pre**"re. Mechanical pressure is also capa¬ 
ble of eausing one metul to p:i~s into another, We need not recall the 
well-known experiment of Oulletet, w ho. by employing eomdrloruble 
pressure, caused mercury to sweat through a block of iron. In u 
in,,is- simple maiiin'r W, Spring showed that a disk of copper could l»■ 
welded to a disk of tin bv pressing them strobgly erne against the 
other. There is formed, up to a certain distance from tin- surf are- of 
contact, u veritable alloy; there is a layer of bronze of u certain thick¬ 
ness which unite* the two metals, and this could not take place did not 
the imrtielcs of both metals mutually interpenetrate. 

4, tXTKSTINAI. ACTIVITY OK AI.LOYs. 

Struct fit' »f Metallic alloys have u remarkable structure 

which is essentially mobile and which we have now licguti to under¬ 
state!, thanks to the employment of the microscope. Microscopical 
examination jus lilies ton certain degree the supposition of Coulomb. 
That illustrious physicist explained the physical properties of metals 
by imagining that they were formed of two kinds of eieiuents — inte¬ 
gral (Mrliclw, tii which the metal owes its properties of elasticity. and 
a eetiienl whieli bind* the ]■article* and to which ii owes its coherence. 
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M. Brillimin haa again taken up thto kypothaal* of duality of structure. 
The metal is supposed to Ijo formed of very amall, isolated, crystalline 
,_fi'!iins embedded in mi almost i-orilTnunus network of viscous niiitle r; 
II more or less compact mass surrounding more or less distinct rrys- 
inl^ is tin- conception which may bo formed <»f an alloy. 

f '}atng?x t>f nh'urljtf< prodtictfi by-deftiTnnmj Mj&icte#.- It lui* Imu'ii 
sfeown that profound eliangca of crystalline structure can be prodneed 
hv various mechanical means. such ns hammering and the i nmtion of 
nu-tullic bars carried us far tu< rupture. Some of thesa changes are 
very slow, and it is only after months anil years lbut they arc completed 
nnd the metal attains the definitive e^u[librium corresimiiding to the 
conditions in which it is placed. Though there may he discus ion* 
concerning the nature of the transformations to which it is subjected, 
though some Udiove they atfoct the chemical condition of the alloy, 
while others limit its power to physical effects, U is nevertheless true— 
Iiml this brings us hick to our subject—that the muss of these metals 
U at work and that ir. only slowly attain* the phase of complete repose. 

Th. dvtr »f xjuiUhrhH,, Rexidna! ,fd. These 

operation# bv which the physical characters of metals sire changed, 
nntl by which they are adapted to n Variety of Industrial need* -coni 
p region, hammering, rolling, traction, and torsion- “have kill iintilrdl- 
nip. very apparent effect; but they have also a consecutive effect, 
slowly produced, tntH.li less marked and less evident. This is the 
residual effect or "Nachwirkniig" of the Germans. It is not w ith- 
out. importance even itt practical applications, 

lU-sit also creates n sort of forced cipiittbrium. This becomes but 
slow Iv modified, so that n Iwdy may remain for n long time in n smie 
wliii ii is nevertheless the moat stable for the conditions under which 
il is considered. The number of these bodies out of ei|iii!ibrfum is as 
g-reai ns that of the matters which have been submitted to fusion, 
All the Plutonian recks nr.- iti lIds condition. Glass |ire«nt*a simi¬ 
lar one, Thorewuictere ptaccd in melting ice do not always mark the 
Kvro () f centigrade. This displacement of the acre pmot falnhc* all 
their indications if core is ant taken to correct it. I his correction 
usually demands a long observation. The theory of the displacement 
of tin tbermumetric zero is not entirely established, but wo WAJ snp- 
11, i^i . W i,h the author of the Trailed. The rmam&rie that then-exist* 
in ghis,. ns in alloys. compound* which vary according t«» lhe tempera* 

tun-. M filch ..pern in re glass tends to assume a determinate c»m- 

pcsition mid a cm parading State «f HiLiilibriu.n. but the prev.otw 
temperature to which it has been subjected has evidently an ratinea, ( > 
upon the mpidftv with which it attains Sts state of repose. I ba'Art 
of variation is more marked a* we observe glasses of more corn pi anted 
composition. We can readily understand that tlioso which contain 
comparable quuiititi** of the two alkalies. soda and potash, may be 
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more subject to these »n al libations than those having a more simple 
com|)Osilion 1 wised on it single alkali. 

qf tintunUng. A piece of brass wire that hasbeen drawn and 
tj u .,“ lusted is the theatre <>f very remarkable internal changes that 
tisive I wen only recently iveugniatcd. The violence done to the metallic 
thread in forcing it through the hole in the die omahed the crystalline 
particles; tin? interior state of the wire U that of broken crystals sur¬ 
rounded bv u granular was*. Heating changes at) that. I he crystals 
separate. muir tliemjwlvrs, and reform; (hey are I Lien bard, geomet¬ 
rical bodies. plunged in an amorphous mass, relatively soft and plastic: 
their number keeps on increasing: equilibrium is not established until 
the entire mass i> cry.-ialliml, One may imagine how many displace' 
meats, enormous when compared with their dimensions, the molecules 
have to undergo when transporting themselves throughout the resisting 
mass and nr ranging themselves in definite places in the crystalline 
edifice*. 

lit the same way. too. in the manufacture of steel, the particles of 
coni at first applied to the surface traverse the Iron. 

This faculty of molecular displacement permits in some easc« the 
metal to modify its state at one point or another, The use made of 
this faculty iti certain circumstances is very curious, greatly resem¬ 
bling the adapt a lion of an animal to its environment, nr the methods 
of defense which it employs to resist agents that might destroy it. 

Kjf, h of 1 ntitinn an r/ »(rktmi —Exwiw&rtefUarlmtmH. When a 
cylindrical rod of metal, held firmly at either end—a test rod. its it 
is called in metallurgy -is subjected to a powerful traction it often 
elongates considerably, part of llm elongation disappearing as soon as 
the strain stops, another part remaining. The total elongation is thus 
tfii* si.fan “elastic elongation." which is temporary, and a “ per¬ 

manent elongation," If we continue the traction there appears at 
some point of the rod a narrowing, n stFiction, It is there that the 
rod will hnnik. 

But in plans! of continuing the traction, Mr. Hartmann suspends it. 
lie -tops, as if to give iliu metal being time to rally. During I his 
delay it would seem that the molecules hasten to the menaced point to 
reinforce and hart ten I he weak part. In fact, the metal which was 
soft at other points has here taken on tin aspect of tempered metal. 
It is no longer extensible. 

When tin* experimenter rccoimnoiu'cs traction after (Ids rest, the 
narrowed bar having been submitted to the action of a roller and 
relumed to n cylindrical form, a second narrowing forms at another 
point. If another feat is given t ids st riel ion also will liecome resistant. 

If wo renew ibi- ex|a i’iment a sufficient number of times there will 
result a total transformation of the rod. which will become hardened 
throughout its entire extent. I( will break rather (bun elongate if 
the traction is sufficiently energetic. 
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JVtdvf *tt . /' T%tir htmtlc • It fin**. —Nickel *teob present this phe¬ 
nomenon In an exaggerated drgrn*. The alternation of opera dons 
whU-h w« lia vi* just described, which bring the various parts of an ordi¬ 
nary -U-el rod into a tempered state. is not necessary with nickel steel. 
Thi effect is produced in tin- course of n single trial. As noon as 
there U any narrowing at any point the ailin' burdeim at that precise 
Iiliire; the strietiun \> iuimill marked; the movement is stopped «t thin 
point to attack tin other feeble point, stop© there again and attacks a 
ibird, mid so on: ami finally the paradoxical fart ap|>care llmt a rod of 
metal which was inn soft state and could be considerably elongated 
Ini* mnv lan-owc throughout its whole extent bard, fragile, and inex- 
teu.slide like tempered steel. It is in connection w ith this fact that 
M. t.‘lni>. Kdwnrd Guillaume sjwke of heroic resistance to rupture. 
[I would seem, in fuel, ns if the Imrof nickel iron hail reenforced eaeli 
weak point in proportion as tl was memonL 1: is only at the end ©f 
these efforts that the inevitable catastrophe >K>curs. 

of.Umtjtvmiitr* . When the temperature changes it is seen 
that these nickel irons elongate or retract, modifying at the same time 
their chemical constitution. Hut these effects, like those which occur 
ill the glass reservoir of a thermometer, are not acquired all ut once. 
They an- produced rapidly for ©ah part and more slowly for a small 
remainder. Bm> nf nickel iron which have 'teen kepi uL the same 
temperature change gradually in length during the course of an entire 
year, (’an we Jind n Iwtter proof nf intestinal activity occurring in 
u sit Instance greatly differing from living matter * 

Xohtr* ofth, t td:e;Uj'>/}»tr1h-h«~- These arc ex.pies of the intes¬ 

tinal activity that occurs in brute laidies. Besides* lltesc facts that wc 
an* citing merely to refute the assertion nf Bichat relative l« the 
immutability of brute bodies ami to show their activity bring us. in 
addition, another proof, I'hvy allow that this activity, like that of 

animals, is a guard against foreign intervention, and that this ..fd, 

again like that of animals, is adapted for the defense and preservation 
of thd hriitt! iims*. 

]f wc ncwid a wpeeml value to the adaptatiYfc t>r telcclogiiail rluir 
jivU/rUnv qf vital phenomena a ohw»teri*lic which jsot'muly alm^ed 
in biological interpretations. we may also find it again in the inanimate 
work). To this end we way mid to the preceding examples a last one 
which Is no less remarkable. This is tlu* famous case of the photog¬ 
raphy of colors after Becquerol » method. 

Photvympfoj oftvtor*. A grayish plate, treated with chloride or 
iodide of silver and exposed to a ml light, rapidly becomes red. It w 
then exposed t© green light and after l«is-ing through some dull and 
obscure tints it become* green. If we wished to explain this remark¬ 
able phenomenon we could do no latter than to say that the silverstU 
protects itself against the light that threatens its existence; that light 
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iiuisw it to through elII slates of colotmtiou liefori 1 reducing it; 
the salt stops m tin' istattf which promts it best, li stops ul red. if it 
is nal light that assails it, localise by becoming red it re|iuls by reflec¬ 
tion that light; that is to say. it absorb*' ft the least 

It may then Ik* advantageous, for the purpose of emuprrdjcndiijg 
natural phenomena* to regard the transformations of inanimate matter 
ns manifestations of n noil of internal life. 

Rialhm^ uf ih* medtmrt h* the 

br ut# find tAe fowtt Swrfy,— Brute Isodies then are nut immutable any 
more than are living bodies. Both depend upon the medium that 
surrounds them, and they depend upon it hi the same way. Life 
brings together, puts in conflict, an appropriate organism and a suita¬ 
ble enviroumeuL Auguste Cbmte and Claude Bernard have taught 
us rfmt vital phenomena rrault from the iwijjrmid action of these hvo 
factors which are in chi#^ rorrelatioit. It is also from the rrcipnieal 
action of lie environment and the brute body that hi evil ably result the 
pln iionieim which that body presents. The living l*miv is siTOetimes 
nmre sensitive [■« i- am Incut variations than is the brute 1 hm1j% IulL at 
other times the reverse is the case. For example* there is no living 
organism as impressionable to any excitant whatever aa i" the bolometer 
to the 'lightest variations tjf temperature. 

There van only be. then, one idiCLnically immutable brn-ly. whieh 
the Jit on i vt a simple l*ody t since according to its very definition it 
remains unaltered and tmallenihlc in cornl>jnut inns r 'Hiis notion of an 
until tern hie atom has, however, itself Imth attacked by the duet fine of 
the ionisation of [H&rtieles advanced by J, .1. Thomson; ami besides 
with very few except ten is—those of cadmium, mercury, and the gusus 
of the argon series the atoms of simple bodies cam tint exist tu u free 
state* 

So it is that, us in the vital struggle, the ambient medium furnishes 
to the living being, in whole or in part by iiliuiciifutkiii, the materials 
of ft* organization ami the energies whieh it puts in play. It also 
furnishes h> brute bodies their materials jmd their energies, 

h is aLo sniil tliat the ambient medium furnishes the living being u 
third class of things, the stimulants of inactivities — that U to say* its 
provocation to action/' The pmto^mn tinds in the aquatic environ 
mem which Is its habitat the stimedunts which provoke it to move and 
to absorb its uliment>. The cells of the mutoztmn encounter in the 
Mime way in the lymph, the blood, and the interstitial liquids which 
bathe the in the shock, the excitation which brings their energies Into 
play* they do not have in themselves, by u mysterious spontaneity 
without example in the rest of nature, the capricious principle whieh 
sets them in motion, 

\ itnl sjKmtaneity, so readily admitted by persuu* ignorant of biology $ 
w <lisproved by all the history of the science. Every vital uiJiuifesta- 
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tion is zi response to it stimulation T & provoked phenomenon* ft is 
not necessary to say that it is the smut 1 with brate bodies* n.irtif that 
i> precisely in w hat ^insists the great principle <«f the inertia of matter. 
It is phi in that it is also as applicable to living ns in inanimate mutter* 

V. 

SFBC-IFJ* ’ FORM LIVING BatMESi AiSn TKYSTA1X 
L syvvtFir FOJfiM ASH' euoiiOAL n^sirrt jion* 

In E In- emmicnUum which we have made of tin 1 * e^-mial feature* of 
vitality there ure three that iuive, su to speak, 11 prime value. Throe 
are, in the order of their mi puriaace: The possession of u specific 
form: the faculty of growth* or nutrition; and finally, the faculty of 
reproduction liy generation. By restricting uur comparison Itctwi'cn 
brute bodies mid living tatflit- to these truly fumlammitni ctmmctare 
we restrict Ihe Held, but \Yn shall M 4 - that the refill blanccs do nut 
disn]i]jeur # 

11 o/h tfUtrib utitw t>f i ‘rtfMfrrff in ,■ J\ mtt *. I n the tin n i ■ n 1 1 wti rl d wc- 
have only to consider crystallized bodies, they being slmnst the only 
ones that possess drlimtv form. In restricting ourselves t*■ this cate¬ 
gory we do not limit our held so much its might ta- supposed* i "rys- 
taJline forms are widely distributed* They are, in a manner* uni¬ 
versal. Matter has a derided tindvruy to assume lln-M- forms whenever 
the physical fom-s which it olsys net with older and regularity and 
their artimi i> not dEstiirla-d by hot i den till occurrences. In the same 
way, ton, living forms me only p^ssibk- in regain! id environments, 
iimLer normal conditions* pro ter tj.nl from i , atad}.'ns and eonvuMons 
Of lULlUltL 

The jiuvvfc-sHioifc of lx specific form is the most sign! If cant feature of 
nn organized l*'mg. It- tendency,, from the time il begins in develop 
from the germ, is toward the la^uiremenl of that form* The jmv 
glaive manner in which It seeks to realist- its Lin lihm tunil pkui in 
spite nf the obstacles and (Blfi cullies (bat aris*e — healing its wounds, 
repairing its mutilations— all this, in the eves nf the philosophical 
naturalist* forms what is perhaps the inns! striking characteristic <if :i 
living Is-ing, that which best shows its unity and its individuality- 
This property of nrguDogciiroi* seems preeminently a vita! property* 

Ir is not so, however, for crystallinn bodies jkisscss Et in an almost 
equal degree. 

The i^imllel between the crystal and a living being has tieen often 
dmwu. We w ill not reproduce it here in detail. We wish only, after 
having sketched iis principal featuns. to mil attention to the new 
mutton* concerning it that have U-en brought out by invent investi¬ 
gations. 
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(>rgimhiUi*m »/ ertjttal* V**w» <\f Ddqfmm md Brawn y 

and tif Widhrttnl In botany, xoolugy, and ei^ijL&lliJgimpby wc 
underhand by form an assemblage of material rtmrtiuitmts coordi¬ 
nated in i\ definite tbU is to say* it ia organization itself. 

The Imdv of man, for example M mi edifice m which ils» trillions of 
eelIs ought each to find it* own plat e fixed in advance. 

In ervatallograpliy also we understand Iry form the organization 
which crystals present* Tin 1 grouping of the elements of crystals is* 
perhaps, more simple. They are none the less organized* in the same 
sense that living Ipodies are* 

Their iiivuniraitioi], while more uniform than that uf living bodies* 
still shows a considerable amount of variation* It should not he 
assumed that the area of ft crystal is completely filled with contigtimis 
parts applied one to the other by plane faces, as might 1 ms supposed 
from the phenomena of cleavage which dissociates the parts of the 
crystalline body into solid*of thin kind. In reality the constituent 
part." arc separate! from each other by spaces. L hey arc arranged 
In tjiiincunx, ns 1 l&fiy says. or along tins lines of a network, to use the 
terms of Delftfoaae and Htnvais. Tiie Intervals left between them are 
Hindi larger than their diameters. So it is that in the uignmsoitifiri of 
a ervstal il is nceessiirv 1 * 1 * take into account two *|uile ditfrrent 
things; An element* the crystalline ]Mkrtich, which is a eeilain aggre- 
giite of chemical nmleciilc* having a deremiiiiatr geometrical form* 
ami a more or le*s regular, |>aiullelopipfcdie network* along whose 
r rests are arranged in u constanl and definite manner the aforesaid 
particles. The external form of the erysriil indicates the existeiire of 
I he network. Its optical properties depend upon the action of the 
particle** lw M. VVallnruut luw shown. There are* therefore, to In 
distinguished in a crystal two kinds of geometrical figures jhat of the 
network and that of the particle- and their characters of symmetry 
may Ike cither (accordant or discordant. 

The crystalline p&rtide* die element of the crystal is then a certain 
molecular complex that repeats itself identically and is identicidl} 
plaeed at the nodes of the pinilhdnplpcilir ad work. It has been given 
different name* well calculated to produce confusion the crystallo¬ 
graphic molecule of Mallard* the complex particle of other authors* 
Some have separated this clement into -ulnud unite element* (the 
fundamental particles tpf Wullesiunt and of I tfipparentl- 

These very general Outlines will suffice to show bow complex and 
adjustable is the orgntrizutkin of the crystalline individual which* in 
spite of its geoiiietriu regularity and its rigidity, may he compared 
with the still more flexible urganiziLtiun of the living element* Iho 
mineral individual is more stable, les- prone to undergo change than 
is the living individual. We may say with M. Ijappareid that ’‘■crys¬ 
tallized matter pre-eni> tike most purler( and stable orderly tirmuge- 
meat of which the particles of Ipodiesai'e susceptible-” 
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fjttr r/f nhrf.it*ft frf Jbrm to then*iml e*tmtitutttm * < 1 ryslull j- 

zfltion is [i method of inquiring *<peeific form. The gimmetHr archi¬ 
tecture of tin- mineral individual is hut little loss Lima marvelous and 
no characteristic than that of tho living mdmthiuL Its form is 
I hi-- result of I he imihml iesii-rhms of its aubshuice nod of tin- medium 
in which If is product!; It is tho condition of material equilibrium cor¬ 
responding to it given sit nut ion. 

This idea of ft specific form tbit Mougs to n given substance under 
given conditions should be retained* We may consider it ns a sort of 
principle of uuturc, an elementary law* which may serve as » point of 
departure for the explanation of phenomena, A particular substance* 
Under identical conditions of environment, must always usame n cer¬ 
tain form. This close linking of substance to form, admitti-d as u 
postulate in physical Hi'ienccSj, Inis lieen curried hy some philosophical 
naturalists. ^m-h its M + Le Punter* into the biological field* 

Let us imitate them fora moment. Let us warn to fteek in tin- liv¬ 
ing being for the prototype nf the crystal; let us on the contrary seek 
in ihe crystal the protntv|>e of the living being, If wr succeed in this, 
wc shall then have obtained n physical basis for l ife. Let us say, then, 
with the biologists of whom we have Iw-en speaking, that the substance 
of each living individual is peculiar to it: that it is specific, and that 
its form that Is to say its organization follows from It. The mor¬ 
phology of any bung whatever, of bo animal -of ti setter dog, for 
example or even of a determinate lunng of IVler, of Paul—is the 
“crystalline form of it* living matter/ Ir isiheonlj fortn of npib 
librium that can l*e assumed under I he given ronrfhhms hy the Mah- 
sttunec of the setter dog, of Peter or of PuiiL just ns, the cub- or the 
hopper foni] is the crystalline form of mi salt. In this manner these 
biologists have supposed that they could carry buck the problem of 
living form to the problem of living sulifttaiice and at tin- saiur- time 
throw back the biological niystejy upoii the physiral mystery, 

ttt' rhrw ti# it fAamffrr/WvV oj* tiring ttntl hr*tt r b*ny*. llow- 
ever this tuny lie. it can lie affirmed without four of exaggeration, that 
the crystal line form ehftiwterizes the mineral with no less prerbdon 
than tho Eimitomiral form characterizes the animal am] the plant, hi 
these two ciws form -considered os n method of distribution of the 
porta- signalizes the individual mid allows tut to diagnose it with more 
or less facility. 

PkiTt frhif/f 0/ fipintj h *tfat in iitr r>d futft e ^f*p . $fcl\l another 

iLimhpgv lias been noted* In annuals ami plants siiniliiritv in form 
indicate similarity in descent. of origin, and proximity in 

any schc.of classification. In the same way identity of crystalline 

form Indicates mmor*] relationship. Siitatemf** chemically analo¬ 
gous diou identic*!, geometrically superposable forms, and are thus 
arranged in family or generic groups recognizable at the first glance. 


420 


THE LIFE MATTER. 


I$maorphi$M m»i the JaruHtj of rmasting*' Besides. the possibility, 
in the t-a.se of iwmiorphtms Ihidie*. of replacing each Other in the wine 
crystal during tin* process* of fortrwtiuu and of thus mingling. ho 
to speak. their congenital elements, may 1w compared with the pos¬ 
sibility of in ter breeding with living lieuigs of the same species. 
Isomorphism U thus a kind of faculty of crossing. And us the impos¬ 
sibility of crossing is the touchstone of taxonomic relationship. (is it 
is tin' proof of it. *c[t&mtirig stocks that ought to 1m separated, so the 
operation of ctyatnUtfsatum is also* means of separating from an acci¬ 
dental mixture of mineral species the pure forms w hirls arc there 
blended. Crystallization is tin 1 touchstone of the specific purity of 
mi nr mis; and it is an important process in chemical purification. 

OfJwr ttMthyit*. The analogies between rvysttdlincand living forms 
have been pushed still further, even to the verge of abuse. 

The internal and external symmetry of animals and plants has been 
cotnmml to that of crystals. Transitions or intergmdfttiotts have 
been bought between the rigid nod faceted architecture of the latter 
and tin- flexible structure and curved surfaces of the former; ihewtrio- 
ular form of sublimated sulphur on the one hand and the geometrical 
structure of the testa of rndiolariatisi on the other are thought to show 
an exchange of typical form- between the two systems. An effort 
litis even lwen made to draw u parallel between six of the principal 
main Meins of the animal kingdom and the six crystal line systems. 
Pushed to this degree the pnu]ionitioii takes on a puerile diai-noter. 

|analogies will suffice. Atnoug these the curious facts of m still 
] 11 hi 1 renewal deserve tiiwt plaro. 

^ rH‘AT!iiZ\Tti^N EN l-IVINO HKtMiS AHl) IN <1:1 ST A l>- 

\\\* know tiinE living Ijemjfx not only pr«*v* a typlm! uri liitceUiri? 
thui they ha ve th.OTM#elv«w ruik*truct£<i, but that they defend it 
ilp^t rurtivc mid thiit tit n< j < s d thisy repair it, llit* liiuijf 

orgmiiiim dtiftfcriR6£ u> wounds rejmu-s Inssc* of sut.Manrc* negenrr- 
uU'± more orlcaa perfectly tfcc \nivte Unit have Isecn removed; in otbiT 
ti-rtn-, when it hu^ bn mutilated it tends to reconstruct itself accord¬ 
ing tn the (nun of it> own morphology* Tim phenomenon of recon¬ 
stitution or redintfgnition t these more or le*t suopchhFuI efforts to 
rrohiblWi iu form in integrity, nppenr. at first sights to bo n char 
nctori&tfe feature of Ih i-ng Icings. That i> not tin- care* 

MniJhtfltm 4in*f rftfhittigi'tttitm t*f ertjxitif#^ - Crystals -let n^ say 
crystalline incliridimlN—rfhow n similar aptitude for repairing their 
mutilations Pmstcun in an ntrly work, discussttil theae curious focK 
Other oxperiuienterv, Oernozn little Inter and Kanber <(iiito recently, 
took up the sums Mibject and were only aide to extend and confirm bis 
oWrvuliinihp Crystals are formed from ei primitive miclciia the 
animal in formed fmni ;iti ejrg: their integral pa rtii K-s ure disposed 
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according to efficient geometrical laws so as to produce tin* typical 
form by a constructive prone** that muv >m* compared to the embtyo- 
jji'iiic process that builds op the ltodv of tin animal, Now this <>|iem- 
i'tKji may tie fliaturlied.by accident* in the surrounding medium or by 
the predetermined intervention of the experimenter. The crystal is 
then mutilated. Pasteur snr that these mutilations repaired them- 

selves. " Wh " said hr. “it crystal from which a piece I ms 1*on 

broken off is replaced in the toother liquor, we sen that while U 
increases it* every direction by a deposit of crystal line particles, mi 
excessive activity occurs* at the place whew it was broken or deformed: 
and in a few hour* lids suffice* not only to build up the regular amount 
required for the increase of all i«irts of the crystal, but to recstah- 
lidi regularity of form hi the mutilated piirt.” In other words, the 
work of formation of the irvstal is curried on much more actively a| 
the ] mint of lesion than it would have been had there been no lesion. 
The same thing would luive occurred with a living being. 

Mivhun!*t» >•/ ihi ripiMtioh. —GernOS some years later made known 
the iiiecbaiiistn of this reparation, or nl least its Immediate cause. He 
showed that on the injured surface the crystal become* less soluble 
than on the other facets. This is not. however, ait exceptional phr- 

..on. It is. on the. contrary, quite frequently ol .served that the 

different fact's of n crystal show marked differences in solubility. 

This is what occur* in every euse for the.tllated face in emu pari son 

with the others; the matter is Lr*. soluble there. The vonsequci.ee of 
this is evident; the growth iiulsI pnqKiiidcmte on I hat face, since there 

the mother liquor will ..■ supernatural! si before being so for the 

others. We may make tills result understood in another way. Koch 
face of the ei vstnl in contact with the mother liquor i* expound to two 
antagonistic effect*: The run tier deposit nl upon asurf.u* may I w taken 

away .. mlwaolvcd if, tor any reason whatever, such matter Iwcottte* 

w ,lnhh- with reference to the liquid stratum in contac t with it; 
in the second place, the matter of tlrnt liquid stratum may under con 
tmfv condition* i wdepcHited and thus inm<* tin- bodyof tbr crystal. 
There is. then, for - act. point of the crystalline facet, a pmattwoper- 
ationof deposit which results ia a gain and a negative operation of 
mlksolutinn which result in a los*. < toe or the other effect pivdiun- 
Inates according a* the relative solubility k greater or W for the 
math-, of the facet under consul, ml ion. On the mutilated surface .t 
ia diminished', deposition then prevails. Itul this is only the imme¬ 
diate cause of the phenomenon, and if we wish to know why tin- solu¬ 
bility has diminished on the mutilatedsurhev M.Ortwdd will explain 
It to' u* by showing that crystallization tends to torm a polyhedron m 
which the surface energy U a minimum relative. 
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VI. 

SttTRlTlOS IX THE UVlS(i BEING AN It IX THE CIWFEAT. 

1 1 hii* I.. mi it l with jiialiw I hut tin* property <»f nutrition may 

considi-rnl a* the mcwt I'hamolftHtitb and umt of living Ik*! 

Such brings are in n state of continual exchange with the surrounding 
medium. They assimilate and ditiiuwimilate. By assimilation the 
siilManec of their >Mi-it3*r inererwes at the cx^me of the surrounding 
alimentary material, which is rendered similar to that h -T the being 
itself. 

J#iwi Hatum attj 0irt>irth tit (ft* < Than 1 cjdsts in the erjMal 

u property analogous to nutrition, :i sort of nut ri Iky, which is the 
rudiment of this fundamental property of living beings* The develop¬ 
ment of a crystal starts from a primitive nucleus. the germ of die 
crystalline individual that we w0l shortly compare to the ovum or 
embryo of a plant or an animal* Placed in a suitable culture medium- 
that is to say, in a solution pf the subs in are this genu goes on to 
develop. It assimilates tEii- matter in solution., ineorpondes the parti* 
eles of it, and increase** preserving at the same time its form, repro¬ 
ducing it«tspecific type ur a variety of it. Its growth proceeds without 
interruption. The crystalline individual may attain finite a large size 
if we know how to properly nourish h—we might say. to purvey to it. 
Very frequently , at a given nine* a new particle of the crystal serves 
in its turn (is tk primitive nucleus, anil becomes dm |joint of de|Kirtiire 
fora new crystal engrafted upon the first 

Taken from its mother tiqnnr* placed w here it run not nourished, 
die icrystal, jii" rested in its gmivlk us-uuie^ a shite of rest which is not 
without analogy with that of a seed nr of a revivified animal* It 
awaits the return of favorable conditions* the Imtli of soluble matter* 
in order to resume its evolution. 

The crystal is in a relation of continual exchange with the sumHind- 
ing medium, w hich feeds it. These nxehungrriutv r egu lated by die state 
of tliis medium, of* more exactly, by the state of the liquid stratum 
which is in imniedtfite coni net with the crystal. It loses or it gains in 
sabftUitire if. for example, dint layer lieromes heated or celled more 
rapidly than it. In a gene till wav it iis*i mi bites or disarm ihite* 
according us its environment Is suturated or diluted. There is, then, 
ill this u sort of mobile equilibrium, comparable,, in some way * to that 
of the living lieing. 

M' thtHl* growth #>/ thr th* / *. betnfj — tttttimtuiwHj?- 

turn Apjxwtifm* I m truth, dine seems to l* 1 a complete opposition 
bctwiH a n the crystal am I the living Js-ing as regard* their maimer of 
nutrition and growth. The latter |NU"forJlth this by iiittiHsuaception: 
the former by apposition. The crystalline individual is all surface* 
It* natss is im[M k iiei ruble to the nutritive unite rials. Since only the 


THE LIFE OK MATTE It. 


4*23 


surface in accessible, the incorporation of similar twrticlea is possible 
onlv by exterior juxtaposition, ami the edifice inciT’lisftt only liCcause 
(l n * t . w layer of atones him been added to those which wen* there before. 
On the contrary, the tody of tm animal is a muss eminently penetrable. 
The cellular elements that compose it have forms that hit more or Itws 
i<mmli tl and flexible. Their contact is by no menus perfect. They (In 
not have either the stiffness or the precision of adjustment ti nt the 
crystalline particles have. Liquid* mul gases from without u ' iti-dn- 
unle themselves and circulate within the meshes of this loose constriM- 
tit,ii. Assimilation can therefore hikepbee throughuut iis whole depth, 
and the edifice increases liecause each stone increase# by itself 

Th,. to wiHiartf mat ntiitmmplmv character of the procwt of 
tofptitm.- The apparent opposition of these two processes is doubtless 
dituttiwhed if wu compare the simple mineral individual w ith the ele¬ 
mentary living unit, the crystalline particle with the protoplasmic 
inass of a call. Without carrying an analysis so far il- this, il is yet 
easy to see that apposition and Intussusception an- mechanical means 
that living iaungs employ at one and the same time and eoin l*i ne accord¬ 
ing to their necessities/ The hard parts of the interior and exterior 
skeleton increase, hoth by interposition and superposition at onec. It is 
Uv the lust method that hones increase iu diameter, and that are foruied 
the shells uf moiliisks, the settle# of reptiles and fishes, awl the testa of 
many radiate animals. In the*** organs. as in crystals, life and nutri¬ 
tion occur at the surface. . . 

Apposition and intussusception are then secondary, mcrhamcal 
anungmnontshaving rclfttimito th. physical rliuraeicraof there iWies: 
Sol id it v in tlw ervstal, semifliiidity in the eel I u Jar protoplasm. we 
compare the im/rgHiite liquid matter with the .emiflnid organized 
mutter, we recognize that the addition of substance i* niude m [heroine 

manner ... that h to say. by iaterpositinn. If we add a soluble 

salt ton fluid, the ihi dee tiles of I be silt separate and mtcrpuxe thmi- 
selvcs b>twee,i those of the fluid, lb ere is. therefore, nothing es^. 
rial I v mysterious or {frieularly vital about the mtu-™.- 

l eptkui. Applied to fluid protoplasm it to merely the diffusion dial 
ordinarily uccuvs in mixed I iqnjib. 

VII. 

GENERATION IN BRUTE BOWES ASH LIVING 

&ENEliATK>N 

W, have not vet exhausted the analogies between a crystal and the 
Jiving being- The possession of a spwifc form, the tendency to 

reestablish it by redintegration and the cxistfwe of 

tion do not suffice to constitute a complete similarity U still bwks a 

fundamental character. that of generation- Chaufland, t*nnn '»"* ago. 
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in mi at Turk which hr made upon the- physio!orient ideas of th=it time, 
characterized the weakoesa of that [K^ut. ^ Let ua disregur4, w he 
saich "those interesting facts relative tot ho ncc|uki£ion of a typical 
form facte that are common to the mineral world as well n> to ti ■* mg 
beings. Jt i* none the h-sr- true that the crystalline typo i> in no way 
derived from irfher praLxbftiiig type** utid that nothing in crystalliza¬ 
tion recalls the actions of ascendants and the laws of heredity/' 

Since his time this gap Ira# been tilled* The works of (mrhcsu nf 
Violet, of Leeoq dr Briisbaiidmii, the experiments of Ostwald and of 
lammaciH, the observations of tTookc* mid of Armstrong—id] this 
series of researches so well s iimnmri zofl by M + Leo Errcru in his 
essays upon philosophical Imtaity, hod for their result the establish¬ 
ment of Em unsuspected relit tii m fx-tween the processes of crystallization 
mill those id gene ration in animals arid plants. 

•otoplttrtnt /• a f*wttn *ttrsty filil&t*f/t *> tht s a *r n f thx i Tyvftil, L lide r 
the conditions of the present time a living being of any kind springs 
from another living being similar to itself. 

Its protoplasm is always a coni in halt ion of the protoplasm of an 
ancestor. It i> an atuvic .substance which we do not see begin, which 
wn only sen continue, The ana tom in d t-lrmeul comes from a preced¬ 
ing anatomical element, and the superior aiiinml itself comes from n 
preexisting cell of the material urgunbm* flu- egg* The ladder uf 
li I ] tition reaches buck indefinitely Into the [Mist. 

\\> shall see that there is something analogous So iliis in certain 
crystals* They are Ikivu from a preceding individual; they umy be 
considered as the posterity of the antecedent crystal. If we sgxi&k of 
the mutter of a crystal ils the liiatter of a living Ndng is spoken of in 
elites of tliis kind. We should be ]i-ti to sav that the crystal line sub- 
slat lit is a a aUivie Hnl^tnurc uf which u<- -ec only tin* it inti limit Ion. ils 
O ccurs i n the vase of prolopltisim 

C/{rtftwtfTiJtf*rx *(f fh'}\**rnti*tn r u ffit ft mnff t*-inr/* Growth uf the liv¬ 
ing substance, and coiisnjuontlY of the lacing itself. is tlse Hindis. ntnl 

law of vitality, (feneration is the neifCAStirv consequence of growth* 
Living elements ur cells am riot subsist indefinitely without increas¬ 
ing and multiplying. There is certain to be a time when the cell 
divides* either directly or indirect!} . arid soon instead of one re II there 
lire two. This is the method of generation fur the anuUmiEnd elenieuL 
In a complex individual i( h 51 mm i- or Jr-* restricted jMirt of the 
organism, usually a simple sexual cell* that takes on the formation of 
the new being and consequently insures the per|M-tnity of the proto¬ 
plasm and, through that, of (he* species* 

/ VttJM. vftf i*y tji'mpf 4." A* xtyjptlto tf ft jtfr/rfittn fn hrnnf hi ■ taj#* — At 

first it would appear that nothing like this ocruis in iiiaiiiinatc nature* 
The physical machine. if we furnish it mutter and energy, would -eeiu 
to go oil working indefinitely without hieing obliged to increase and 
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reproduce itself. There is, then, in this an entirely new condition 
[X'tidiiLi 111 rln' organized being, u pmperty well adopted, ii would 
>4'cm—nnd this time without any possible doiilit for sqm rating liv¬ 
ing matter from brute matter. It is not >u. 

It would not 1 h l impossible to imagine n system of ehomu'ul belies 
organized like the animal or vegetable economy, so that a dealt tint i< in 
would lie compensated for by a growth. What, is impoexlhh- is to 
ivalisy- tin- siippnsltiou of M. te Ihmtev, a destruction that would at 

the .* lime be an analysis. And an additional perplexity o-s-urs 

when he -oppose- that in the successive tats that have taken place 
exchanges of imperial may occur. 

There is no nctawsiti for making tills impossible chemistry a char¬ 
acteristic of the living being. The rbeniiatry of the Jiving being L$ 
general chemistry, llcriliolot repeated this after Luvnixier. These 
(cachings, of the masters should not las lust sight of by os, 

Lr! us return to generation, properly <o called, and lind t;hri-" the 
charm■tcrinth's of brute ladles—of crystals. 

'/’/it t,f nu'rin-t»ytm>Mit*. When a micro-biologist wishes lo 

lmiuigiite a specie-of inirro-orguni-ms lie charges a culture medium 
w ith « small number of individual- (one i- all that is actually oc< i - 
sary) and stum oli serves their rapid |iniltiplhiitio)i. I -milly, if only 
ordinary mien. be- that exist in atmoapheric dust tire wanted, the oper¬ 
ator Is uot obliged to take the trouble of charging the culture; if the 

culture tube remains open and the .. is suitably chosen, sitin' 

germ of u common sjToeios w IJ 1 fall in and the 1 ii|tucl will Ikh'iiihc cid- 
onimi. This bin the appearance of 11 spun I uncoils generation. 

Th, Hfftnintj »f ay*t<tU t'omcntralitd solutions of various sub- 
stances, supersaturated -ohitiuti* of nilphab 1 of *ud:i, -I’lphutc of 
liiiigncsin. and clilorntc of soihi are also wonderful im dt 11 re media for 
certain mineral orgsmic units certain cryslalline genils. < Ii. I hi four, 
experimenting with water cooled Iwlnw " it-* Hot of -olidili.-a- 
tion. <>-twakl : with sided kept below St >.5 .its Hot of fusion, Tam- 
tuftnn. with betnh which melts at nit . and, Indore them, l b rnez, with 
melted phosphorus und sulphur all these physicists have shown that 
liquids rn HUrfusion ar- also media specially appropriate for the cul¬ 
ture and propagation of certain kimls of crystal line individuals. 

Suite of those facts have Inn. classic, Law i Li showed in I”Sft 

that it solution of sulphate of soda could I.imeciitmte'l by evaporn- 

tiou mi as to contain niorO salt than wn- ctinfoitnublc with the tciupor- 
411uiv. vet without depositing the excess. If. however, a solid 
fragment, n crystal of -alt, was thrown into the li'iuor, that execs* 
would MS.I 1 pa-s into the state of a crystal listen mas--. The lirst ■ ry*- 
Lnl engender*! a second similar to itadf; the latter engendered n 

third. and on ... the other. If we coMpum *•* phe.mm- 

e H( , n with tliat id the rapid mull ipliciit ion ..f a specie- of microbe* in 
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a suitable culture medium, bat out? important diffefence wilt he per- 
cttvfiil-—A k* extivnio rapidity of propagation of the crystall me germs 
els opposed U* the relative slownes- of the generation of tli+- luiero- 
org uni sins. 

TJin- crystalline individual gives birth, then, to another individual 
that conforms to its own type, or even to varieties of that type when 
such exist* Into the right branch of a U tiling tilJisJ w ith atilplnn in a 
state of snrfiisimi tie me* dropped octahCrdrie erystals of sulphur, aicul 
into the left branch pr is in sale cr y stabs. On either Hide wore produced 
new crystals eouformiug to the tyjie that had In rn sown. 

f>f r ;vV Izathtu uf t 'rtfxtfili t r* * Mrff at tijitl hr tuff O^twaJd varied 

throe experiments with sain I. He melted the miIkuiiu r by heating it 
tdx>ve 3ft, r> i\i then, protecting it agnin&t any cry* tabs he lei the 
solution stand iu a closed tube* The salol remained liquid indefi¬ 
nitely until it was touched with » platinum w ire that hud been in 
contact with solid sulul; that is to say* until n crystalline germ was 
introduced. But if the platinum wire has been previously slerilized 
ufter the mminer employed hy baoteriulogists. by parsing it through 
a flume* it can then lie introduced into the tkjuur with impunity. 

J'&e tUto^vmom of cryufafUtu gftrin* m* twiiptrriffi* fa of 

iwWU- We may dilute the solid MiW with tin inert powder sugar 
of milk, for example— dilute the first mixture w ith n second, the sec 
oml with a third* and ^ On; then, throw ing into She solution of sur 
fused satoi u tenth of a mi Nigrum from one of these varium mixtures, 
we find that the product ism of crystals will not tnkc place if the frag- 
meiM thrown in weighs |i^> than a mNliomh of a milligram or mens 
iut* U-» 1 linn ren thousandths of u millimeter on ti idde, ll would 
seem, then, that these arc the dimensions of the crystalline particle ur 
crystal I ngrapliie molecule of solid. In the same way Ostwald Jieniine 
assun lI i hat the i rystalHnc genu of hyposulphite of soda weighs 
about jl billionth of u milligram and measures n thousandth of a milM 
meter: that of rhlovnte of sodii weighs a len-iiiillionlb of a milligram. 
These dimensions are entirely cqmjwrnhle with those of tuicrolios- 

All these phenomena have been studied with n detail into which il 
is impossible to enter here* and which clearly shows more and nwiiv 
close analogies lie tween the formation i«f crystals and the generation 
of mici^-nrgiinisitis, 

E&tetiifi&n ami prvjMtfjniitm of t-rgAftftftz+iit*w — f }j*t t f» uto* /dW/rtW - 
f ur* of itortitirti&n. — Cry^iullizutkm which has commenced around u 
genu is propagated more or less rapidly and ends by invading the 
entire liquor* 

The rapidity of this movement of extension depend* upon die core 
ditions of the environment, particularly upon its tetltp$r&£tire, This 
is shown very well by (be experiments of Tniiiuinim with luinl. This 
IhkIj, a salicylate of naphthyl, fitse* at W il If it is melted in lubes 
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rifled at a temperature of 10U „ it may he cooled to tower and lower 
temperatures, tu-j-7" „ . to+lo . So— „ without solidify it iff. 

Let lls suppose that by some rom hi nation of circumstances asmall nmn- 
Ijer of ecitlers of erystalllssuthui — that is to sity, of crystalline germs 
has uppiiirvd in ihe solution. Solid mu will slowly it I the 

oixUriiuy Uw^rnturi^ of to and the neigliborbiNMi On the 
(Fiber luim], it will Ik* propagated with grant rapidity if the liquor is 
kept ut about To . This point* 7n + is the thermit- optimum for the 
propagation of genus. Ii is [he most favorable hisqieratu iv for w hat 
might U k railed their ineutmtioB* As man as the gormt* bud them- 
wdves in a liquor rit To they increase, multiply, and show that they 
uiv in the best conditions for growth. 

f-irt r i j Wflf t/f h - /'* ft t ft ft *tf t*t tlx— tfjjf * ft* if i* • f* ft* ftt y*tf tt it f r > r fJ* ■ 

If we rounder various mpetsnu united .-olti- 
tiOHS or liquids in siirfuskni, we Toll -oon discover Unit they nm he 

arranged in t wo s iitcgories. Sonic tv. in indefinitely liquid under 

given ct FttdUion* unless a crystalline germ is introduced into them. 
Others solidify Hjiuntnneoiisly w ithout arts tir nil intervention; ami such 
crystallization may even Ihj propagated very rapidly under determinate 
conditions* These are for them roniIitwm*i favoring the s[tonttuicous 
appearance of germs. 

This distinction between gutfeluner* possessing rry stalling _■•■m ■* ra¬ 
tion I fv lUiulion and sutastaiitvs having crystalline general ion that 

a rises s | m f j ila >usly t* not spec i he. The same >u butane e limy present 

the I wo methods of generation according lo the l opdttioms in which it 
is placed* Betol furnishes a giMwl example of this. Liquefy ii at 
Iimi in a sealed tube and keep it by means of a *tove above !Vn * and 
il wilt ran min liquid almost indefinitely. On the other hand* lower 
it-i tcmfientturu and leave if for one or two minutes ut Lo and germs 
will i&ppcar in the liquor; prolong l he exposure to this degrae of heat 

and the .. of these ^jHHitam-ously tij ip-si ring germ* will rapidly 

lurraise. On the other hand, you will utworve that pmpugntion hy 
tillulion, tin it is lo say, hy extension from one lo another, is almost 
iih-siuiL The ieiupertitum of in h nut favonihle lo tlml method of 
generatioiu and we have jiLst seen, ill fart, that it L at n tHii[a-n«turo 
of id kfhi To that extension of eiyatallLKation frotti one to another is 
hest accomplished. The tamperafcmc of To was the optimum for 
propagarioEL hy Jiliution. lnverstdy, the tamperaturts of 10 k the 
optlimim for spontaneous generation* Above tmd laduw this optimum 
the ue turn Is slower. We may count the centers of t rysUdlimtiou 
which slowly extend further and farther. a> in a mieiuhic eultura one 
counts the coloni- s rorres[Mindirtg u* the germa primilivety formed* 

To recapitulate. If there h nu uptin.. for the funm ihin ^«f erystab 

theiv is also one. itinerant fmm the hrsU for their rapid extension. 
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The mettitihibh 1 and Mtt'f ■ This fact is general. There in fnr 

each substance 11 set c^f condition* f temperature, degree of cuneon- 
tmtiuiu volume of the solution) in which the crystalline individuals 
am 1 ms produced only by germs or fry filiation^ This i* what occurs 
for uljovr the temperature of SO * The- IhkIy is then in what 

OrttwEild has i-ulled a zr/j*c« There is* however, for tin* 

same ImmIv nnother set of cireuu&tanora more or less complex, in 
which its go mis appear spontaneously, "Jilin is what happens for tetol 
at ateutthc temperature of Jo „ Thvni: «nmiRL»h%ncp^ biv tfabBt! of the 
hifriht z*t/u or of s| m> nta i u l o ns o i ‘hi* nil ion, 

Ctyri(d*&f ptywris*.- Wo limy go ei step further. Let us suppose^ 
us iW* L, Krrcrtu that we have n litjiikl that in found in a statu of 
nit 1 bistable equilibrium and whose labile equilibrium is yrL unknown. 
This is what actually occurs for a very widely known body, glycerin. 
We do not know under what conditions glycerin crystalline* N|Jtm- 
tunoously* If we cool it* it becomes viscous: we cun not obtain its 
crystals in dan way- We did not even obtain its crystals in any wuy 
before the year istjj. In Unit year, in a tun sent from Vienna to 
London during winter, crystallized glycerin was found and t' mokes 
showed these crystals to the Chemical Society of Lindon. Whiit cir¬ 
cumstances had determined their formation i We were ignorant of 
them then and arc -till ignorant of them* It may he said that (his 
case of Hpontanemis generation of the crystals of glycerin has not 
remained isolated M. lie monger has noted the accidental formation 
of glycerin crystals in a manufactory of Sr. Denis, 

3t may In* remarked that tilts crystal line species appeared, ns living 
sjMcir.s may have done, at a given moment in an environment in which 
a fmvcinibJc dunce combined the conditions for its production. It is 
also quite comparable to the emit*on of a living sjn^ics; for having 
once appeared, we have lieen able to perpetuate it. The crystalline 
individuals of I8ti7 have had a posterity. 4 They have lice il sown in 
glycerin in a state of Mirfusioo uml there reproduced tficmsclvos. 
These generations have teen sufficiently numcrons tospnud the specie* 
t h roughen 1 1 a gre&t part o f Eii n »j m* M , 1 Ioqgewe rf she \ wtxl nume n ms 
examples of then] tilling a great Hu-k to the Dutch naturalists who 
111 cl at l r t reeht in 1S1IL JL L + Errera j io *st h nU sloth* a rs In J ti n e f 181H \ 
to tin* Society of Medical and Natural Sciences at Brussels. To-day 
the great iniitiufactory of Sarg < *o„* of Vienna, engages in their pro- 
ducthni on a grand mile for industrial purposes. 

W c have been able to study this crystalline species of glycerin and 
to determine with precision the conditions which p^H'mit it to ttubsij^t. 
It has teen shown that it dors not resist a temperature of IS + ?~u that 
if precautions were not taken to presem 1 it, a single summer would 
suffice to Kiinihihitv ail its crytitalline individuals that exist on the 
surface oT the glote, mid thus I'xlmguish the sjaudes. 
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/W Mt ••xthirt.ttm of a cryntolt !w As thesecrystals melt at 

is -, that temperature represents tin* point of fusion of solid glycerin 
or the point of solidification of liquid glycerin. Yet the liquor does 
not solidify nr nil if its temperature falls below Is . nor dors il solid- 
Ifv at zero, nor even at is below zero, it merely thickens and Eiecomes 
pastv, We only know glycerin, then. it» a state of siirfusion,’ n fact 
which chemists have not learned without amazement. 

With these conditions, so analogous to the appearance of it living 
*|jei:it*. to its unlimited propagation and ft* its extinction, the mineral 

world offers a quite faithful counterpart to the uni.I world. The 

living being illustrates here tlm history of the hrute body and facili¬ 
tates its exposition, and, inversely, the hrute Imdy in il« turn tbtowa 
a remarkable light on the subject of the living Ik sly and iqion one t.f 
the most serious problems relative to its origin, that of spontaneous 
generation. 

1 \rtiii I »u of. These facts load to a sin gl<»11 >nd ns ion. Up Co l he ti rue 
when the concourse of propitious circumstances favorable to t tioir 
spontaneous generation was brought a limit, crystals were obtained only 
1»v filiation. Up to the time of the discovery of electro-magnetism 
magnet s were made only hy filiation, by means of the simple or double 
application of a preexisting magnet. Before the discovery which fable 
attributes to I’mi net liens, every new lire was produced only by means 
of aspark derived from u preexisting lire. We are at the sonic his¬ 
torical stage its regards the living world, mul If is for I his reason that 
never up to I his lime has there liven formed u single j sir tide of living 
matter except bv filiation, except by the intervention of a preexisting 
living organism. 










THE CItANJOLOttY OK MAN AND ANTHROPOID APES. 


By N, 0 . Mjw>amaka,* 

WJ'rti’ nf the Rvptl t nittyi- hj bturgtiAH </ E»'ji<uul, nn«J <nf«< •>/ i),i C, r. X <>f ltrltml; 
ffUtsw tff tin' OrfruMr DmnrnV^ 


[Thr Ituul^Hin mutlun deHvtlv4 nb fttoniary N r 1*51. at Hie JL.ja] nf snnpmibit 

nf I5&f MinAt] 

Gentlemen: We have itsswuhlrd liesr- t^diiv in order that we muy 
^oimncmcinito tb& rnurits of John Hunter imdsurli oibnr persons whoso 
Lnhurs hnvc rontrihuted to tbo extension of uur kiiawlcdge in rompara- 
tivt sifmlomy. physiology* or surgery. Hunter's lifts hi nil ils various 
1ms been *>p fmjUejitly dwelt «n in former orations dvliverisi 
in eIiis theater that it is I toy mid my power to throw any fresh light on 
this snlhjiH’t, 11 is fame is ntlrihutjddk 1 to his having possessed tin 
intense low of indotuUnhln energy* mid a self-reliant* manly 

chumeter* If wp turn to his portrait hanging on the wulb of this 
thudvr il would seem that nt thr time this likpmw wib jininted Hunter 
was engaged in the study of thr eniniology of im;lm and imtliropiid 
iijH^, for on thr mbit* before him there is an open volume, and mi its 
pigvs we see clearly drawn a human skull and thr skull of a rhim- 
poiusee* Hunter is portrayed pi n in hand* in deep thought, having 
just turned away from thr hook he had been studying; mid though his 
notes on ronvparative anatomy were unfortunately destroyed with hb 

|J Reprinted by pcnnMm from editkiO pabiWied Hy the sutler. tandem Smith, 
EkJer A (V, 19GL 

-'.Tier chut [hen- tititte itilo several plate?] *ttxm*panyfii|t the tuxi i.i thin oration 
wns complkd from plrhtagttjib* of oiflte and of akillhi in, thr museum nf ihu Royal 
Colfcfo of flnigeora of Knglnnrl- Them* photograph*, with futir exertion#, were 
laki-n by Mr. litorgC in the photographic mom on the inlkge prvtnkw by kind 
pLnoihyinn of Pn >l t\ Stewart. The four iaxcuptiooi* indml? thrw photographs 
from skulls in the Thurom cnfltrctkm, forming fl |«ift nf the wuttniiHcal of 

the Ittjivrw^y of tlambridgfet for which 1 have to thank Dr* 3. <iritlhU, nrnl thr 
fourth is a pliptugraph of a&cqf Dir Mentone ahull*, for winch i am Indebted to 
j\, j„ Hinny, Tin- other speetewn* flbown on the cJuui ware on the table, and 

were n ferred to during the oration. The portrait of John Hauler hanging on the 
wall of the theater lielonge to iho college, and was painted in the year 1735 by <ir 
loabua Reynolds. The oration to publbbed at the raquesrt of the roum-KI of ihe 
college-—M, Min-tnmiara. 

13 Grarvenor strFet W, h March, 190L 
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other mniuiwripts, we eau hardly doubt t bait crmitulogy was a subject 
in which hi" wty deeply interested? or it would n-r*t lutvr ht'M so prouii- 
nent 11 position in this famous picture. Jt would therefore seem that 
on an ocaudoit eutsh us the present we can do no higher honor to 
Hunter*# niemoiy, and to that of some of the able men of lienee who 
have followed him, than hy undtiu voting to give, in as few word* as 
possible, n resume of their luWrs, with espcdfil reference to the sub¬ 
ject of enifiiolugy and the light which it is capable of throwing nu the 
prehistoric inlmhitunis of western Europe mid of the evolution of the 
race of men to which we Udong. One of the most brilliant and orig¬ 
inal thinkers who have occupied the presidential chair of this allege. 
Sir William Lawrence, in his ever memorable lectures on the natural 
bis lory of man, delivered in this college in the year lUL'h frmii his 
iv^-arebo-s in I'nmpnrudve utialumiv foreshadowed the idea I hat man 
and apes were derived from common uiu-rslors, Lawrences opinions 
were received with a storm of adverse eritieism* Mr. Aberneihy, for 

inst . .e. charged him with "propagating opinions detrimental to 

society* and endeavoring to enforce them for the |mi po^cof loosening 
those icstraSnts <>n which the welfare of mankind dep« ad / Time, 
however has proved llnvl Lnwrenre was right, and in tin' course 
uf lerlnres delivered in this thnitco In February* 1 Ifrofcwr 

K , itli* from n careful analysis . . f the maximum in .cr of anatomical 

character* coininon to man and apes, arrived, at I he conclusion that 
they are derived from an identical ora kindred atoek* While ml mil ting 
without reserve that mint and a|ies arc si rue luridly nhn'»s| ideal teak 
lieu rthcless, ns pointed out h\ FreFV^or Ituxbn in ihe year 1 Hitt, 
thev differ very materially as regard* the relative >br and weight of 
their bruins, su well ns in the complexily uf its convolutions. The 
carcass uf a full grow ri gorilla is heavier Ihnn tlml of an awmge-dfced 
F-uropriin. bnl ii I-Vb.iiln ful whetberu healthy adult EurojH^mV lrntiii 
ever weighed less than 3d ounces, or the brain of the heaviest gorilla 
ever exceeded 20 minees in weight-' Alt lion gh at the present time 
there is this marked relative difference between the weight of the 
brain and the form of the skulls of Europeans and ape* ? this was not 
always the case? for the calvaria of the earliest discovered human 
In dugs were in form not very far removed from those of contemporary 
anthropoid nfies. This fuel leads us to impure into the nature of the con 
ditkma which have led to llie increased eupquiitj of the human crumUfn* 
and to I lie vast superiority of man’s intelloruml endowment* over 
thereof all I he other primates. If we turn to Hunter s prepuiwtions in 
our museum* we find among them some remarks! hie specimens, which 
lie d rseri fee* ns "v< mi] i reused t ” “it nay a i n let rieu I " b lima n l ni n itu 
which he believed were the result of premature consolidation of one 

11 MeuV* rinii* hi XntflTi 1 , by Pmf. T. tlusluy, \t. KKL 

•Collofjr Ncm. l:s5^ l\\7 t Eiiul 
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or raurt-'irf the suture* of the skulk Profe^ur Vhvlimv states that 
*'in the too Gariy ossification of a suture of I hr skull Hie develop¬ 
ment of the c null urn IS arrested in the din meter pei|}endirii]ar to ihul 
center." Since Hunter's day various authorities have devoted niMeh 
time to the subject of the abnormal closure of the crania] sutures In 
man* Prominent among them are the names of the chief of England^ 
eraniotegists, I>rs. Thurnam, Beddoe, mid liar mi rd L)a™ Uhc splendid 
collect ion of prehistoric and other skulls uratlo by the hitter gentleman 
is now in the possesion of our eotlegeg, and we have dome to Seam 
that the size ami shape of Hie skull depend, to u large extent. on the 
growth of the hnnes of which it i> formed along the lines of the 
various eniniul sutures, a subject to which J have inferred at some 
length iiL my twxik on The Origin and < lianuiler nf the British 
People. 

It is well known that (lie frontal I ►one* which forms the mult of the 
anterior part of the cranium in the young of man and apes, is divided 
by a suture, mid so long as lids line of growth, together with the cor¬ 
onal and other sutures by which the frontal b ’■epu rated from >itr- 
route Itnjf ! remains o|>eji« the fore part of the skull. and with it 

the anterior fusste which it inclose*, ran expand. But if On- frontal 
:t r i l[ the other anterior sutures of tile emit him consolidate early in life 
rise fore part of the skull ran not increase in cajiacity beyond thesis it 
Itad reached in infancy. Professor I huiekor rJ in his w ork on I he ambry- 
ohigy and development of nntlmqsdil apes lias show n thnl in rouse- 
ijuenee of the early closure of the anterior sutures of the skull of these 
animals I In- fore |nirE nf their brain does not increase beyond the size 
it had nltaiiied at the end of the lir-t year of life: but In man these 
sutures do aut consolidate until a iiun-li later period* ^o that I he ante¬ 
rior hdn s of liis brain are enabled to cvpaiiul, imd julualty hei ome fur 
more perfectly developed than tlm cnrrespninlbig lotw-s iinumg anthro¬ 
poid apes. 

Among these apes, in consequence of the givaf size nf their frontal 
sinuses and lUe roofs of the orbits rising more obliquely into the 
emnial cavity, the anterior and the inferior walls of the anterior fuss® 
of their skulta intrude upon Lilli! lessen the capacity of I ins space, and 
therefore of the anterior kibes of the brain which are contained in 
these fossa** 4 Virchow states that b of all [nirts of tin- iqs-V head* it 
is the brain that grows least ;” even Bi the larges! ape keeps its l an by 
hraiti.^ Although wo have uot sufficient data to tis the absolute 
dura Li oti of the life of anthropoid apes, it is doubtful if they, as a 
rule, attain the age at which uiun arrives ait hi* fid I growth, It is, 

■ r Arahlvi* <le Hnofcgfr ciqifriiiicnLile el jaW-niks, tcmiu irniwiiue* uufo 1«W>. 

v^. Priii. J*. J. Cutiiihivliiuu'o wi?rk -u Surface Annti-niy -<f (cerebral Henri- 

HjitH'ftr. Ji. 2Sirt. 
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however, certain that the largest ap&J arc perfectly <1 ov^Iojh b cI when 
man U still in his youth, and that the ape's brain bm readied perfec¬ 
tion before the period of shedding its terNi, while in roan it then taken 
Its real liret step to perfection, men of the same halt a* these ujics 
having four times li* much superficial brain Mirface, 11 

Whiitever other functions the anterior lolies of the brain perform, 
the spetdfie structutv of their cortii.nl iiitvu dements, in conjunction 
with those of the other lobes of the 1 1 rain, control n our assmktivo 
mctrnrv and our higher intellectual faculties. If we study the collec¬ 
tion of preparations of the brains of apes in our museum we in us l 
arrive nL u similar conclusion to that expressed by Professors Edingor 
anil IX J. Cunningham* which is that the gyrt (or ironrobitions) of the 
hniiu of man and of tbe anthropoid apes are to u large extent sbiiibr 
in anatomical characters, with the marked except ion of those ronvoiu- 
turns which enter into Lht 1 formation of the frontal loW. The supe¬ 
rior and the middle gyri of these lobca in anthropoid apv* are always 
fiiurli shorter than they are in the Vmiins of average Europeans, mid 
what is of especial mi|jortnncc in the brains of anthropoid ape*, the 
inferior frontal gyri exist only in a rudimentary condition of devel¬ 
opment. This deficiency is very marked with rapport to that urea of 
the left inferior gyrus which contains the nerve elements which con¬ 
trol our faculty of articulate language, li seems proUMe ibut tbe 
rudimentary ctmdition of this gyriia in iipea la therefore th+- aiintone 
hid expression of the inferiority of thusc nuiniab to itum in intelligence, 
our intellectnal development depending mainly on our pusses* mg the 
faculty of speech. 6 Ii may be, imthropoid apes having only rmli nii-rs- 
hirv. if any, specialiaed arcAs id the cortical nerve elements which 

i«Tbi3 Cmntul A til iff Alim me! A\w* t by Prof. H- Vifcbm, p. 2il. A Is* Jmir- 

HzlI iri Aluit, .ill* l PIlVA, lieu wriw T Vul. XI1J, |> 2*3, 

I# The AiiHeniiv of I lie (Vnttul Xcrvetu* tfyskfiu uf Mim, Prut. Lmlui^ Fi Linger, 
>1. t>. t tnuiskiii*! from the fifth f ieniuui edition by Prof. VV, s, Util, t p S‘ SllL b 
21D. Kdii^i-r remark* thuit 1,1 very imuhmllj iJir umatle of ilio embryonic brain 
hiemipra hi rsteot, mm wtiHjf in Him vertebmte stih*. In the Wigging lo il<*' 
cLll-h of primate* H husiibiimsl »n uxpuivioli which bunlcns closdy on tho rvlutLun* 
found in nuus, Nevertheless, an Important faeii ir, bfskk>s mure nneraentml relations, 
t<ti11 N b |*nitiH H from the £ta#c reached by iulhi. Tin- frontal l..In*. HtiU ™y tfimll 
in the tower ape*, attain- a Imjgf* sii^e in the higher alien, but alvay* mwhiti much 
inferior in that Lf nmn. In toiiii. even, thiw dewbpmeniml pn»^- is nowL-c icr- 
minnlo! m* yet. Different Ktlil plainly invar la the fugum of tbe frontal tube 
which Allow us to Infer the j* '^dbtBty of further |.The inferior region of 
the fmrilfll |oW, a Inch nxitniu* the ccnten* of urtieuEnie i^ws/ib, and very 

niurkol vRrinfii»Eii in development' is the ]^irt tnont {Mninilnr^ li jiuvrueJ/ 1 

Pnjf. !>. J. OminittKhBRt ititen tkmt "one uftlnsmofit reniHrkAble clmnuiieo of tho 
rervkirani of the ebim|uixixse M ■>mu^ is the abjure of the frontal iuu! orbitoJ 
iiptfruli, 11 nr the [fAn*- iriutiKithira*. which euptakis lln«i'rt nerte crater for artlcuhtt 1 
d|mh. Contrihnti'm* to the Annltimy of the tVmhtal IIrmiephen^, by 

Prof. D. J. TciiLiiLn^biim. 1HibLiu p 1802, pj ■. I It1„ nftVp. when* he llinl M tbc 

inferior frontul ivjivcilatifln of the ai-e i^ very iLiFTcrx-cit from tluit of n»Ln." 
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regulate the apparatus necrssur y for the produrtion of articulate 
speech, that the other parts of their anterior lokw bare remained in 
n eomparativc!v undeveloped rendition; whereas the left inferior 
frontal lobe of imuTs bruin having become highly KpeeiaLiacci mud 
with it bis [Hiwer of language, the other convolutions of his anterior 
lottc-S which govern Ids iiitelleettial faculties, have hern stimulated to 
increased notion, and hi this way the idumuterisliv expansion of tike 
fort- brain liu* l* * i en evolved among all the more highly civilized races 
of the human family. 

But ourcontent ion is that the factors wbiuli govern the growth of 
the skull differ from those which develop the brain* wild I lull the 
ini[jH L r£i t't evolution of the frontal lobes among anthropoid iijmsm is to 
m large extent due to the premature ossitficatiou of that part of the 
skid] which inclose* the fore bruin and to the remarkable convexity 
of the orbital plates of the frontal Imne* However this may be, the 
possession of. fully developed anterior Ink s of the bruin, especially of 
its left Inferior gyrus, is the distinctive dmincter of the mitral ner- 
vmis system of all those families of mankind who posses well-developed 
intellectual i-u[metties* On the other hand, if we compare the skull of 
im Englishman (with a cranial capacity of UoTo) with that of one of 
the natives of northern Aiurttulfa (with a cranial nipaiity of 1,160), 
we set- what a wide ditlereuee there is between the development of 
their frontal ivgionw and also ms to the nmlureof the sutures nf their 
-hulls, ' rrhis i mint b dearly illusE ruled in the photographs taken from 
tlm 1 skulls pf ‘"existing nice*. of men,” aw shown in the tower ~,mion 

Huxley heM that iha nr gmfmri &n of the human bruin biul in«>n■ in do 
with iniu t .i inlrltirbkl NiijuTinrify than either its weight nr sisi.-, mid there tun )*- 
no i|iuvijuti lliiil uiou luivimm autaJl h^ads are by no inmni imsvteaiily winning in 
mwnlal inpArlty; bill a wdl-dt> verbified frontal region inn Hmnv'ii-rhtie feutmro^f nil 

i he mure hiuldy i‘ivi|ijced liMiiinmniti^^ nt th^ world, and uirenia ^ ■ i ■ * I n f h .. j t]h ■ -mw 
inirlhimuiLl isudowuieiiis nr^vtm idi■ *<■ y Ls found to>?e remjiiirntLvric rnspii-nt In ihiwg 
with atuHiruuilty mm]I frontal IAh a t-co note. p, JOtf, Man's I'Uu i-in Nmtwvi. We 
agreo fully with rrufewor Huxley that unions all the known runs- of human be!ova 
the brain und Sts hidudiiij* ease, tin- skull, gmw tugeiher, Ami Mm former Jura not 
exends*' an absolutely |m»limainatipg irdlnence over tin- ^volopmonL of the Utter. 
Bui it Si» i-erUdn that if the anterior piurt of the skull become a “ shut u -a ” i^rly in 
life, it tuust ojotml thr Mjih-i i|!]vii1 ebe and diltelefiria'nl **1 Itm brain wtdeb ir eurs- 
tsLiriH. Profit*r Wdebtr, who studied thi- i-HhjiVt ii] u ihnruLi^h Temonir ^|iirit t 
iirrlvt^t at the ctan tusion that in Enm^Riam nuvs the ^rcmt»S puBlre nmmhrt n|tei].g up 
tip ihe Mult i^Tiiul ut life in one emit n( nine pi^raom*. Amuug Africaiu nirofl it is in it 
found at list- iiilult |n.-riiHl ut |Lb> in mture lltimono in uao liundred and fifty 

peisoa*; uul umoug the ailsiri^iiit^ of Aurtmh* no kuhilt r-kull ha®yet Ims-u obsenyd 
aitit uii open hoxitaJ taiturcL The irflMtunui Fnmdi ajmt mptfft Gratiul^l srtatw bb 
n n^uli of his n-s-r-nn'ln^ ihul H 'nol only ihu growth nt ike bniiu nitss sMinorlii 
thofile rui-fs in whirl I tin- futun s early but ihitliiil then 1 is udiEferviLee \w\ vv tiili 

tin- higher am] low L nr nu’tti ms to the >jider hi whkh the MiTuns aim elowsl nomihJIi . 
In the la I In r the luitetlnr sutures ix»a 90 Ui|ite t>eiore Me- jhisterw^r. and in the higher 
Tuns it is tI ju wwiw; the jx^terinir eJo» earla-r lliau the antinior. 11 .Vh 

Gptlaiet am tirtfuijifiit lut the gn .iter }R*?fwUhUity of the higiier m.-us ujwu 
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<if ihi* chart which accompanies this omtio#.) "W <* shall iliscovw from 
specimens in mu- museum I hut tin- iiihnHitniH,- of wisatern Europe in 
the Inter Tertwrv and curly Quaternary period, n< regards the ot&ili- 
catioii and form, especially of the frontal region of their skulls, more 
closely resembled that of the chimpanzee than the race of men now 
inhabiting Europe.* 

Since Hunter’s ami Law mice's lime considerable progress hits been 
undo in the sciences* of geology and anthropology. Nevertheless, in 
oar search for knowledge concerning the origin and development of 
prehistoric man in western Europe, we are still hampered by the lim¬ 
ited supply of his remains. It could hardly have been otherwise, 
considering the perishable nature of the human skeleton and the vast 
length of time and the great geological changes which have occurred 
since man appeared in our part of the world. Hut we have additional 
evidence concerning the prehistoric inhabitants of this part, of Europe, 
for they have le ft us some of their imperishable handiwork in the 
shape of Hint and stone implements, which, during the post century, 
hail- been carefully studied in relation to the gen logical strata in 
which they were discovered, by Lord Avebury. Professors Bovtl 
Dawkins and Frestwicb. Sir -lohn Evans, the late Sir William Flower.* 
together with many other English and foreign anthropologist*. A 
few cliararteristie specimen* of these Paleolithic Hint instromente 
which have been unearthed in pre-t Uncial and in inter-Glodal formas 
tiooain various parts of England may In- seen on the shelves of our 
museum, whicli also holds casts and the skulls of the Neanderthal group 
of men. From the form and workmanship of these stone implements 
we are now able to classify and assign them to the various period* i« 
which they wen* manufactured by the curly inhabitants of our part of 
the world. _ _____._ 

fo*,. ihi the other I land. Prof. I- Kdinjwr is disposed to «K«'e with the 
lal ( . profenor Ports, that i*<d a lew men of |Krecmlu*nl in tel hi nail power have in 
isu-lv lift* been *0cci«d with slight hydroeppbalu*. whJcb, having uhnorniully 
ex ponded their skulls, ha* then receded, The brain »f such young fwopto has 1 wen 
able to attain a greater capacity than it would have acquired had there ticca ™. 
hydnxeptudus to lixpmd the skull cap. {The Anatomy of the t.Vniral Nervous 
System of Man, by L. Edinjref, SI. It, tumMtH from fifth GoiM edition by 
p'nii. w.e. Halt, [i. aufi.) 

“The iiriain and CliHwWral the British People, by N. <-’■ Msi titiuifnt, p. 25. 

fcftir William Henry Flower, K. C. B., F. It. tk, died on July 1. IW*. He was for 
route year* the attwevator of ihe Mitseani of the Royal Colkftt of Buf^euau of l.ii» 
land. nml the mirndt of the college tmaolnwualf pa**d the following iwsolatlon ai 
their meeting on July 1:1, KWSt: . 

•‘Thu* iniuu'll hereby captive their ikup awl at the death *-f sir iWiani Henry 
Flower, K. I*. FI- V. ii. K-. and their rinnw sympattiy with Uuly Flower nnd the 
rmniVn-rN of lii« Ininilv. The niUDcil remuinbiT hnW Inach Sir William Fltiwev. 
while conserved, it, did t„ arlvance the utility and reputation of the iiiusanin by the 
skillful dir*'barge of bi* -bitits-, and by tin- eminent which bo won for hitn- 

self antoiiH im-n <>! science, ami they hereby recent their grateful ijqiwdutkin ol his 
service* to tlu* college. ** 
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Up to within recent times it was held that no human beings existed 
on the earth b'foro the Quaternary geologicalepoch. Hut in tin* year 
1881 the Abbe Burgeon* exhibited u collection of ehipjK’d that weapons 
which ho luul discovered in a previously uudwlurbod Tertiary forum- 
Mon: it was not. however, until lS7:f that lliese instruments were 
ad mi tied to have lieeii made hy man or sotiiii other animal living pre¬ 
viously to the commencement of the Quaternary period. Precisely 
similar Hint weapons have since been discovered in Tertiary stretti in 
various localities in Europe, and in Asia. 

[j, the year 1894 Dr. Eugene Dubois found the upper part of u 
human skull (,calvaria) iu dose proximity lo u femur, and two molar 
tci-th in a well-defined Tertiary gcoingi«il formation in the island of 
Java. Dr. Dubois was employed hy t lie* Dutch Government to 
examine and import i<n tins fossil-lienring strata of .lava, mid while 
engaged on this work ho discovered embedded in a hard rai«t of Ter¬ 
tiary In If s the bones above.referred, to. lie brought these fossils to 
Europe tuid submit led them for examination to the leading anatomists 
of this ami other mm i dries. They concurred in the opinion that the 
femur was u human lame Ixdnnging to a man of a very low type, atid 
which showed ’‘that while it rendered itspoewswrcapable of ihe bipedal 

mode of locomotion, he still retai.I sonic vestiges of adaptation to to 

arboreal existence," J There was a difference of npinion concerning 
the eaivaria, for it was calculated the capacity of this skull did not 
exceed .H5"d > e, c. The cranial eapocity of the largest anthropoid ape 
us GUO e. e. Until the Java skull was found the earliest known human 
skull- had cranial rapacities of alsmt I i c. c. After a complete and 
exhaustive analysis of the anatomical fliiinictcrs of the .lain calvaria, 
as conijatred with the skull- of man and apes, Urofessor Kk-Uwalbe has 
arrived at llie riiiiiinsion. in which I fully concur, that she Java skull, 
taking both Its farm and capacity into eonsiderathm, "is on the border 
line between that of tuati and antbrnpnidipe*:" ii is more closely allied 
to the skulls of ihe Neanderthal group of men tliau it jn to the crania 
of the higher u|»<s. Imt it is much nearer iu anatomical diarutDTH to 
the skull of the tihitnpanssee ihim it is to tho cranium <>f the average 
adult European of the present day.* Nevertheless, from a study of 
the impressions of the convolutions of the brain on the interior nf the 
Java calvaria. Dr. Dubois has demonstrated that the inferior gyri of 
the front'd lol>es are well marked, and approach m form those of inan; 
and although the -ujiei Ih-ies of this convolution of the limin in [he 

Java skull is !es- than half the ... that of Europeans of the 

present day, it is double that possessed by the largest known nnthro- 
l*oid ape. This fact suggests that the Java man bid in some slight 
degree the family of speech, and that his intellectual rapacity was 

**Journal of Aunt on ! Pliya, neir VoL xiii, p. 27‘J. 

A&titecWift fur Morpln.l. v iii umi Aathropofaglfi. PW*“w Hr. fa. Mcbwiltn, 
Dnivcmitat IfUniittiljaige, Ifaml J> heft h I 1 - 




488 Ti!K CRAlfldLOOV "F MAS AND ANTHROPOID Ai'KS. 


higher than that of any anthropoid iijh: we are acquainted with." The 
poHtorhital index, or narrowing of tin* Java calvaria, is lu.S a* com- 
IhiiikI with an nvaragw index of existing Europeans of l'J, In chi'! 
rcsjavt the Java skull comes neurer to th« Neanderthal gmup titan it 
does to that of nnLiiropoid apes; it also possesses indications of tin 1 
existence of that cbaractaHstumlly ionium feature, frontal tituineiuo*. 

In the employing of skulls which we Imlkvo to be the most reliable 
test of huntan races, we classify them under three heads, according to 
tba measurements of their crank I indices; in other words, tin* mens- 
umueut of til. greatest breadth of the cranium expinwsed in percent¬ 
age of i(,- greatest length k our guide a> to the ran t- to which an 
individual belongs from a eraniologfiitl j taint of view. W lien the 
cranial index rises altovo so the head is called brachycephalic, a broad 
head; when it falls below To the term dolichocephalic, or longhead, is 
applied to it. Indices between 73 and 80 aro characterized as ineso- 
i • e| ill n 1 ie, in I e ri i leilintc li > -ud», Assuu dug the lei igtlv of thee n ti lium to 
Iu l Inti, ihi 1 width i' cxpri*S'cd as a fraction uf it. and is known in the 
living subject ns l wing (he cephalic, and in the Imre skull as the cranial 
index. For instance, if the greatest breadth of a skull is 133 mm. 

and ii« length is 11.. we multiply the breadth (IS®) by LOO, and 

divide the product by its length (lWOf, which gives us the eepilulic 
iniluS 80* 

We hiivu in our museum mats of two uruiiia and othvr Ijojh^ form- 
imtr pm-t of liinmtL *k<*SeUJiis which wvro found n^thi^ on ei ridgv of 
c-aitamiii^ rorb m't-rlirtldii£ the river Orm-iuu iil tin* commuiir of Spy, 
Belgium TIh^i- ivnminH were uaeurtbed with tfmit vnrv. and there 
is uverv ri'ai^Hi to hidirvi- they wopp cn’i^iiuilly duponitud u!ierv they 

wpiv * IisesiVered# living.vetinl m or with four we] hdetiiietl 1 teds of duhri?* 

ntul tiny, in which were found the bniuv* of the rhinoem^ and the 
iiuuuinoth. id>ti Hint wviipon* of the Moustorutn epoch,* One of these 
skulls has dume-rei> which nwmhle those of Hie higher uju\S and 
assimiliite Htill mon nearly to the Javu skull, ii id initio^ thu low type 
Eif hiii n 3hiri huing of whit'h thin mnium fonned u (mrt- Its furuu liku 
thill id die oilier h l l 19 ] i l c i In h:i hi hoi l- of Klim)*' yet ilisrnvoml 
in I lie eurly t£uoltjjjiv:il *4 nil it of the pn^kuiu! or the iiitut^luviiil 
period, is of the lonj£ or dnlichi.H-eptuilie tvp + ita^ulmvs :nv simphv 
si mi for the most purl are uoiihmI hinted* \\ p hav T # unnthei* P r+k 
rented to Our miMniiii In Professor Huxley, one of our most Utlente' 1 
mid vjirue^i workers its the science of uhOimptdo^y, tnkrii from the 

rf "Tlit! I t ruin itbnt Eif FilhiKftntlmipu* iTi-i tiis ," 1 Ipy E. DtiU)b h Jonmill of AesseT 
lieu b Pbj's, riiiw M r riL'> voL siiiL 

^ Till - imM rLI|n-rl!ekLll Ill vt-r wils tLfi m«^eri3 ittUrk t And wiis formed l«y ih-hrb wliieh 
hml fallen from the n n-k ii 1 Hive. The Mrnhd luyer wiin »l melt rv Hiirk, jmd foruiwl 
uf y^Llew iiJifillLU , i i-tls lli&al, ThiMliLnl layer rEjeh-r- Oiks. of 

I’kiy, in Vi IkiH-h w ere iiLLiiivi i ni“ MeiisTeriiiEi fhiilh eiihI tht* tlisle of ;i tiiutLllliotli Mu 
fourth wiif yelLciw ruSiiifi'mis elny, UlitivslinC^li Ihrmilh which tlie humlUl rtMimJIV 
^Lth hommfmlnt t u.ei l rt i ii L:- wun" foiLUih 
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NWdt>rifo*l cranium. Thin crumuuu with other portions of a Pale¬ 
olithic ..an skeleton. wa* found in n limeatom* cave near DOsseldorf," 

The cave was raised some dn feet altove the existing l«*d <>f the river 
Dmsm'L anil it* floor was covered lo a dept It of it feet by flu v inti If? 
deposits U-nenth which these hnmnii renwim* were discovered. The 
frontal angle of the Neanderthal flml Spy skull (No. 1) is 04 . that of 
the .lava skull Is SO . whereas the existing races of adult male Euro- 
IH'tiHs haw :i frontal angle of nl>uut IK) ; in this group of skulls, 
although still but slight, the indications of frontal eminences are per¬ 
haps more distinct than is the case lit Lite Java skull. The skull capacity 
of the Neanderthal group nf human beings amounts to 1,320 c. e,, the 
.lava skull to 85ti i, i%. whereas Europeans of the present day have an 
average cranial capacity of 1.5441 c. v. to l,tOe e, r. 

We have in our collection also a skull of the characteri*iie early 
Paleolithic type, presented to the-college by one of our former presi¬ 
dents whose memory is treasured by all who knew him. Prof, ticorge 
ltusik. It was found in ft layer of breccia ted talus, under the north 
front of the Rock of (iihmltar. We have also a cast of the calvaria 
of one of this nice found in county Sligo. Another skull of the same 
type was discovered at Bury St. Edmund*. with the remains of extinct 
animals and Motwtorion flint weapons.* 

The anterior surface of the lower jaw among the existing races of 
Europe projects to form the chin. Among ape* the revcisr is the 
case, for the anterior surface of their mandible* recedes. The Malar- 
ntiud and the Nauielte mandibles, of which we have rust*, a re evidently 
those of human lutings. They were found in geological formation* 

(which ids.tamed the hone* of extinct species of animals and 

1‘ideolithie clinl wcfliHiii*). These I tones arc distinctly ape like in 
chanit-tiT. having receding anterior surfaces, tuid also the sockets of 
all the molars arc cejmd in size. The how* of tin- legs «f these pre¬ 
glacial or interglacial inhabitant* of Eiirojie iuv of npc-Iiko foim, and, 
together with the I tones of their arm-, prove that they wen* n short 
powerful race nf livings whose hvo rage Stature did not exceed fi feci. 
Tiny are known a* the Neanderthal group of men. The side view of 
the skull* and that from tiU*vc of funr of the men in this group arc 
illnstrated in our chart. ___ 

*Th- term "FaVwLitble" foapptkd la geologM r " ruu ‘ tk,M UiMiafpiishei) by coti- 
lajnhic tin rmlcst shapes id lutmau stcnwlwpleiuciUBt a^ocialed with Uia wawlne 
Mine of which are wlindy estlflct. while oUm* tore disappeared from 
the districts where their remain* tors toen fuaiid. Threedepodts may 's- cItLs-sl 
nutter the h.-a»te of alluvium. hrii-k earth. 'avcrti bedt. futauiM'd* tufas, and loess. 

it'luss Ifook of I its illsrv, sir A- tietkie, t l -Wt-i 

'■We »■*..-iimtt* dm wines and n dcAripnon of thin emoinm. Fton* can Is? 
nxmi-ti-ri that this w.is a pmiine IMiclithic -ki.Ll.aail demonstrated the 
in the nm.ity of s,ifl.dk of ihb nu- of buaaui l-imr* when Kmrfand <v mil con- 
tia(tit by kuiri with Fmii it- 
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It should be clearly understood that up to the present time no born* 
fide human mmiiiis belonging to the early Paleolithic period have 
I seen discovered in western which wen? nut itf the same type 

hh those above described. 

When the glaciers which had extended over the greater part of 
Eurupo moved northward, ihe reindeer pnseod away with them from 
oar part ol the continent, Ifas&e Animals* which could be easily cap¬ 
tured by man, hud roamed in vast herds over the surface of the amn- 
irv + and had probably niTordcd the human inhabitants of that period, 
living in western Europe, ati ample supply of food. The ell matt' of 
our part of the world at the termination of the Glacial period became 
such as we now experience, Britain wns sejmruled from 1 L ranee hy 
S 4 b a+ and tine rivers containing nnmcrEUin fish hik'd the valleys of our 
(and: the red deer, wild horse, and various fleet footed ainmal^alMmiuled 
in the splendid forests which overspread ihe country. But these aist- 
uuils and the fish of our lakes and rivers were not easily captured, mid 
the human inhabitants of western Europe were therefore compelled 
to exert their intellectual rapacities to an extent not heretofore ueces- 
sjitv in order to supply themselves with food and with the skins of 
animals for clothing. Man was able to overcome the ditlivulties he 
had to face. possessing an innate )»ower hy mninxof which, us already 
explained, his brain was able to develop and *n meet the im renned 
demand made upon it in the struggle for existence. That such wim 
the case we judge from the discovery, in geologimt formations of the 
Post-Glacial period, of the sknljs of men having the same physu-al t v is¬ 
os those of the strictly curly Paleolithic epoch of western Europe, fmt 
with increased brain citpaieity* These Pwt-Glacial human skulls indi- 
cute* in my opinion, a gradual transit ion in form from the ape-like 
characters of the previous period ton higher standard, and certainly 
to a much greater skull capacity. in the frontal region* With 

this improvement ill the form of the human skull, the llint h stone. 
Ikoo\ and horn instruments made by the Post 4i belsit inhabitants of 
western Europe become more highly finished than those ladimgiiig to 
the pt-evioua age, indicating the possession of increasing intellect mi I 
|Mnver on the part of 1 hose who nmdi■ them. 

The Engirt skull, of which we have a cusL presented to this ctdlcgw 
by Sir Charles LyvlL is a well-known example of a human cranium of 
the early Neolithic 1 or EVhM Glacial period. Huxley, in his descrip¬ 
tion of this skull, observes,, * L ll lakes ns at least to the further side of 

■'Tlic Lemi Neolithic te trawl in dignify tluit period in which the alone, bone, and 
bora implements made by mini initiate a rcmnderal^ advance in the arts of flfe 
beyond I hint* dteovvied in the piwftMi* PnkolSthle cpwli. In the Neolithic period 
the miuiini t*\ the mKinnmth, rlilnwm^, mul ether prevalent extiru-t farm* of the 
I'utoililliic nerUw \m\ if nut aeiipkitclv, ilu<&pppfln*l from western Kurtjpn* 

The rtajKttibi hi which tht«f Neolithic rciti»1ns :trc found corraM of river grayed 
cave floors, |*sil mii He. 
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(lit* biological limit which nepai-afe-a the present geological epoch from 
tlrnt which preceded it; “ that is, from the Glacial period." The Borris 
skull jnroIxiMy also belongs to lilts period, its ebametera being similar 
1<> the Tilburv omnium described hv Sir Richard Owen, and of which 
w»- have a wist in our museum. To this list of Post-Glitcial—or it may 
In* (if the later Glacial—]>eriod wo may mid the Kgisheim calvaria, 
or so much of it as lias been preserved. This specimen, of wliieh 
we haw it cast, was discovered in a high river bed near Colmar with 
tin.* I (ones of extinct animals and Mousteriuii Hint weapons. These 
and various other skulls found in geological formations of the time 
referred l<> arc nil of the same type, and lend ns to Indie VC that the 
inhabitants of Europe in the early Neolithic period consisted of only 
one nice- the descendants of the iHitnan beings who inhabited our 
l«irt of the world during the previous or I'nlcolilhie epoch- They 
hud long fdnlichoeephsdirj skulls, with slightly projecting supraorbital 
ralgcs, well-formed noses, and a fairly developed frontal region ns 
1*0111 pared with the far more ancient Java, Spy, and Neanderthal 
crania. Their mandibles mid tin- lames of their legs wen* less simian 
in character than those of their remote progenitors. They were 11 
small race of beings, Wt* find no metal weapons or instruments with 
their remains, and we therefore conclude that they Were ignorant of 
the use either of bronze or of iron, nor do tlu-y seem to have possessed 
domestic niiiinuls or to have hud any knowledge of agriculture. 

This ran- of primitive inimbitunts of western Europe are lest 
described ils the Iln i-iims. uiul we limy conveniently employ this term 
so lung as it is understood to designate the A ftko-European stock, 
wlm were, so fur as we know, tin* sole human inhabitant-, of western 
Europe lifter tin- termination of the Glacial epoch. 

As we inis.-, from tin* early to the mid-Neolithic fpidi, we come 
u|hui the remains of a race of men who, us regards (heir physical 
character und state of civilization,, essentially differ from the people 
nb«v<* referred to. The -tone implements found with their skeletons 
arc Wautifully formed, many of them 1 icing highly fmlfched and hav 
ing sharp cutting edges. A few* of the purisrt bronstc as bads have 
I K-Cti discovered with these remains, and also the I wins of domestic 
animals bdonging to species indigenous to Asia, lmt foreign to the 
Paleolithic fauna of Europe* 1-nstly, we have evidence that these 
people worc iii-quftititod with agriculture and with the nianuftu-ture <if 
sun-dried pottery. They paid great respect to their dead chiefs, 
burring their bodies in natural caves, or in tombs formed of huge 
flagstones placed edgewise side by side, with similar stones laid on 
the upright ones to form the roof of the building. These structures, 
the well known long dolmens, liave been found, built on precisely the 

a Man’s Pfia* in Nauiv. tty Pn>lt»nr Hutk-v, p. 120. F«f a tkwriptiuti #1 the 
Borris skull. , *. Lain* and IV.J«*»r ItuaWa PraJurtarie Itfuuiki? ..f Cdllnwss, 
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same plan, in Ireland, England, die greater part of Europe thfc west 
of Asia, India. Amidst and northern Africa. The must met ion tjf 
these dolmens* wherever met with, is similar in style that we 
conclude lhey were the work of one rate* or at least of one special 
cmlfiHieiiiey of races. They were not only .sepulchers for the dead, 
but many of them also contained an altar* a place of mourning and of 
ottering* where intercession was made to the spirits of deputed chiefs 
by their relations and tribesmen* The Kodmartun long dolmen or 
temple tomb [near t.,'irencestcr) affords sis a good example of one of 
these structurea; It is Ifti) feet In length and To feet Inroad. We Siuve 
in our museum a line human skull which wus found in this dolmen* 
with aoitie well pilished stone implements. If wo compare tins skull 
with that of the Java or the Neanderthal group of men or with the 
skulls of the early Neolithic human iiilmhitante of western Europe, 
wo are struck by the martini difference that exists between them anil 
the IbKlmarkui skull* Dr, Thurnniii's unique collection of crania may 
be seen in the Anatomical Museum, Cambridge* These crania for the 
most pill were unearthed by himself from various English long 
dolmens and Ihutowh. and they resemble in form, although they are 
of a higher type than* the skulls found in the caves of Cro-Magnon 
and Mentone; they are identical in character with skulls found in the 
long dolmens of Franco and other countries of Europe, The emu la I 
index, capacity, and other fruLtires of I ho hones of these skulls lend us 
lii assign them all to one anil the same nw-i\ of which the t "rn-Magnori 
arc probably some of I he curliest specimens ns yet discovered in 
western Europe* The three Cro-Magfton and three Mentone skele- 
tons wet** those of people some If feet 4 inches and upward in stature, 
sii- that u nice id giniiis in far distant times was no my tin Their 
erainut cajmcity was hIjovc- that of the average Europeans of the 
present day. From their phyuiriil conformation and from the remains 
of the animals found buried w ith them, which are nf Asiatic slides, 
mid from other evidence, we are led to the conclusion tbit “the Cro- 
Magnon race represent the advance gourd of the proto-Aryan human 
family, of which the Uodniartori ,p and many other long dolmen skulls 
show a more advanced ty pc. These people in far distant ages migrated 
from the East into western Europe, and from thence spread into nur 
islands; southward they jjassed into India, IVrsEu and Arabia. Asia 
Minor, at id northern Africa. Over this vast amt and far away in 
eastern Asia we find tludr remains, with flint and stones implements of 
the early Neolithic tyja\ buried in long dolmens or fair rows. The 
routs of iwmy of the words used by this ancient people exist in most 

tf llL thy JJiFtnry uf Ancient lVUtvbin 1 . by £ir EL l 1 . H'we, Vrjl. I P pi. xvih p- 
hU, there is Ein urrottfttnf u ukul] found in a Imtijt bfcntiw Mur Stonchrnpx which hr 
nuw ta be seen in Hie Auutuumut Museum ist tlunbridge ( So, 180 a ) p of w hich l 
liave ft jfl]uti:^ra|jh T 




the I'RANIOLOGY* iik MAN A Nil ASTBBOPOI& Al'JSS. 443 

of tin? languages now spoken in Europe; their religious sentiments, 
myths, and. illmve all, their racial, mental, anil physical characters, us 
ixirtmyi‘il in tin. 1 Rig-Veda and on tin; amie-nt monuments of Egypt, 
jitu pronounced features in tin 1 vxisUiij! li i uUmii' mid Aiigto-Suxon 
people. From the form of the t-nuim found in ninny of these long 
did mens we know that this tall. fair, handsome, long-sktdied race 
in tern mrried with the preexisting short, dark Iberian inhabitants of 
Europe. The fair, tall race probably did not at any time, unless in 
the north of Epitope, form u large proportion of the population. They 
weii 1 a dominating, lighting, and priestly caste, who compelled the 
primitive, small, dark lllieriim) itdialdtmiU of western Europe to 
work ius their slaves. 

During the Neolithic em, while llio th-srendnnta nf the proto- Aryan 
stock were slowly feeling their way from I lie East along the valley of 
the Danube into Europe, a very different race were passing from 
northern Asia into the Baltic provinces. These people formed settle- 
n in tit* uri the islands uf Danmark and westward as far as the north 
of Ireland. They wore tin; tirst of the bmud-skullcd iwres of the 
Imiimii family who had entered Europe. T heir skulls were braoby- 
eepliiiUe in form, with broad fares and noses, the latter 1 wing deeply 
concave at the Imise. Their remains are found hi the islands of Den¬ 
mark, especially that of MOen, also in Yorks bins Derbyshire. Stafford¬ 
shire.'' and in Cos. Antrim and Tyrone. 6 in which localities ilu-ir 
descendants miiy still lie recognized hy their physical characters. 
They buried their dead and did not practice cremation, as did tho 
Mongo! inns of the hronao age in Europe. These lieople Is?longed to 
(he stone age of Europe, and hy comparing their skulls with those of 
the Rodmarton or Cro-Magnon crania we srv the great difference in 
form of the prehistoric long and the bread-headed races of men. 

Fntil ..lose*, then-fore, of tile Neolithic epoch there wore three 

pun- races who formed the sole bunimi inhabitant* of Europe, so fur 
as we cm i judge from I heir skull* and other remains, with the excep¬ 
tion of those who were the outcome of (he internlarriage of these 
three races of people with one another. 

Passing from the Neolithic to the suis-eeding bronze age, we Is-lieve 
that Europe was overrun hy a small, bread-skulled people having 
chatm-t eristic Mongoloid features. Those people were probably. in 
their Asiatic home, originally derived from tho same stock as the tall, 
fair, broad -skulled North Mongolian race above referred to. But the 
southern Mongoloid people of the bronze age in Europe were a small 
rave of men with dark lrnir and eyes. These were the early lake 
dwellers of Switzerland and other parts of Europe. Prof. A. C. 

dt-nmitt tmblea an* pp- ^l-U+4- 

frFtt-ji. A. V HidiLtin, fktt&twliH hx Irish 1’fUfliology, rroswiim^ of Itoyal Indh 
Aokltttn>% voi. h‘ P \k -577. 
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I bidden is disposed to think that l>cforr their arrival in our islands 
these people huil become* mixed stock through intermarriage with the 
Ihi'ritm <n Mediterranean rare* (In tin* dolmen at Meud-tui wt- find 
the e cumin* of a mnn of the broad and u woman uf the long skulled 
nuf placed side by side-) They were trader* in bronze, and prolmbly T 
as Prof, t r« Mortilltt and other authorities hold, gradually replaced 
stone, horn, mid bone with bronze instrument und weapons, effecting 
in this wei y a gmu revolution hi the social and industrial habits of (tie 
preexisting inhabitants i»f western Europe, In tfaeae far distant tinier 
deep mining operation* were out of the quest imi, Superficial ores t?f 
copper wore abundant in most parts of Europe and in Aaiu, but alluvial 
tin was extremely scarce, and It is stilt only found in large i| nan titled 
in soalhcastem Asia, Cornwall* the Scilly lalra, the south of Ireland, 
und some few oilier place* on our continent also contained superficial 
ure- of tin. El semis probable tliat ihe Mongolians inhabiting the high¬ 
land* of MsLitheitsteni Tibet, long Ihl- for*: the commencement of the 
bronze age in Europe,, spread into Hu rmiu (In* Mu lay Peniaanhn smd 
Cochin (Jliinsi. and there iwquiiyd the art of mixing topper and tin in 
siieb projKirtiui^ as to form bronze- I lie weapons and i list run iciit> 
ivhieh they manufactured of This metal bring a ready and profitable 
source of IjEirtcr in Europe, Those jtcopta, without doubt, made 
bronze weapons both in the south of England and of Ireland* for day 
molds Is rive been found there in which weapons of the early bronze 
period In Europe were east. 

Together with the broad skulls and other remains of thefw people 
we find in the debris of the hike dwelling* numerous ornaments of 
judi\ nephrite, and ehloroimdanite, mineral- found in large quantilH^ 
in southeastern Asin, hut not in Europe; and lastly, m*e* on which 
are depicted |* a oplr in Oriental costume, and ititdni merit* list'd only hy 
the southeastern Tibetans hive been discovered in conn return with the 

remain* of tin- lake dwellers. It is almost.lecnssary to remark that, 

although many millions of Hindus have in successive periods occupied 
the grailer i«nt of Bengal. it would he impossible to discover their 
I tones in the soil, for the simple reason that they have either burnt The 
t todies of their dead or else east them into one of the sue red fivers of 
India. And so it is with the skeletons of Llmsc southern Mongoloid 
people of the bronze age in Europe. As a rule their bodies were cre¬ 
mated after death. iiEid numerous cinerary unis routaining their 
remains are found scattered over the Wiltshire arid other ranges of 
hills in the smith ««f England. Seine few of I heir skeleton.^ however, 
have been found in the round burrows s\ hh-b me so niiiiieruus. impe¬ 
rially in the south of England* of Ireland* an d throughout various other 
parts of Enro|Hs and Sis Asia. With these mmtins und cinerary imm 
very ninny bronze instrument* have been met with, indicating* like 
the stone implements of the Palaeolithic? period^ different stages of 
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cxccltcnoo in wurktiiattHki p." I In 1 sis® of the ImmJlBl of tho bruits® 
knives «ml other weapons, ip* well evs the tangles. prove that the [>cn- 
pk who used them wore » email race of men and women, we believe 
lwal represented in Europe by the prehistoric short inhabitants of 
Auvergne.* 

One of the finest skulls 1ft uur tnueemn was taken from it round bat- 
row at CodforA, Wilts, mid although this skull must be at least five 
thousand years old it still seems as if it wen* full of life and fun (see 
illustration)* characteristic features of the nuv to wbieb it Iffkmgi'd. 
The form of this Inauhyeopbalir skull, together with its nasal t»mu> 
mid orbits, are dearly Mongoloid in character, and arc well known to 
those of US who have lived in India as representing the flhurkliaa 
and Burmese of the present day. A bay. bright, rollicking people, 
intensely superstitious mid homo loving — “the Irish of the East, as 
they have liecn aptly called. In the course of many centuries the 
southern Mongolian'people of western Europe have unquestionably 
become alworltcd into the preexisting Ibero-Aryon imputation; a cross 
breed has resulted, and from thin stock the undent British people of 
our islands were derived. Their skulls an* mesoeephatie fa combina¬ 
tion 0 f the long and broad skull), and an* amply represented ■■■ our 
lmisetim, the cephalic indicts being illmut seventy-eight .' Subsequent 
to the bronze age the ancient Britons were well-nigh exterminated in 
England l*v Teutonic races, who invaded our country from the north 
of Europe, the Anglo-Saxons taking the place of the preexisting 
ancient British |K»|>tilatitm of England and Scotland, Nevertheless, 
in sotm- districts of England, such as North Bedfordshire, a number 
of the descendants of the ancient British stock continue to flourish up 
to the present day, as also in the greater |*urL of South Wales, much 
of Cornwall and the .-mull) and west of Ireland, the upper dosses its 
Ireland beingclarly deriVed from tin? ancient Aryan stock who passed 
from Gallia into that ..tty during the Neolithic pern*!. The illus¬ 

trations show a characteristic head and face of one of the descendants 
of the ancient British race and also of a typical Anglo-Saxon. 

Passing from prehistoric to the present time, we haw come to pos¬ 
ses the measure incuts of the heads of some S5,<K*V*>d of the existing 
inhabitants of Europe/ From these measurements we learn that a 
large proportion of the people now dwelling In the countries border¬ 
ing on the Mediterranean Sea are a short, brunette, long-sfculh'd nice. 


i*Thu Ancient Bronxc Implement* nl breat Ilriuin, by Sir John I-.vioiB, 

h .... 1* Mxlio.l l »r II- IK.- Murlilk-1 fl TeOfc 

d*AiiUm>potogte, Vi>. 257, 2lt»-370. fcv ul*>The Dolmens of I wlawd, by A. t, £V>r- 

tsse. no, 1012 - 1014 , , 

'The Mongol to’ ccpluilic twlv* l»-ingfrom *wtbty upward,aiulthatofthe !>«■">- 

Af^fin BBvunly-fiy<? whI bclnw tlms 
tfTkie nw^of EnnifH*, by VV. ft. Kiplev, \* ;W - 
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descended* wo ticlievc,, from those who* from thy form of their skulls 
And other physical ehumeters occupied that part of Europe aad the 
north of Africa in far distant ages— the llicruiu race. 

Scandinavia and North Getihiiny arc inhabited hy u tall, fair, long- 
skulled people derived from (in- proto-Aryim races who titled in that 
part of our continent in the Neolithic epoch. A vast triangle having 
it> hose hi eastern Kttssiu mill its apex on the Atlantic in south western 
France is inImbited by the broad-skulled people derived from Mon¬ 
goloid or Turanian ancestor*. Wc do not fur a moment affirm that 
these races, as such, have remained jmre—far from it ; hut the results 
of the measurements of the heads of a great number of the existing 
inhabitant* uf Europe point to the conclusions above indicated; mid 
this idea is run tinned by the rmxitu] indices of the splendid collection 
of 1-niitm which occupy >■* large a H|mce in the museum of this college— 
a collection which wo* commenced by John Hunter* and ujain which 
during the pist century a great amount of time and labor hits been 
spent in describing and classifying the skulls which it contains. 1 ' Our 
collection has been ridded lo and kept well up to date by Prof. t 1 . 
Stewart, and might, 1 think* with advantage to science. Inc- utilized in 
An effort to Solve Um debatable question of the connection I h -tween the 
Neanderthal group of men and the postglacial inhabitants of Wintern 
Europe. 

The charm-[eristic physical type of jialroliLhir man in ay be still 
raiTjgNiml among thr inhabitants of western Europe* although their 
skulls have grown more mjmciotLs, ogpeeially in the frontal region. 
This change in the form of I lie minium marks n corresponding advance 
in the capacity and organisation of the brain and of thr m 1 elk v tied 
ability of man; it is in truth evidence of hi* inherent |oiwer te.over 
eotiii- the dniiiHiul iinnlc on Ids mental capacity ill order h»copQ sueVess- 
fmlly with his ever-increasing druggie for existence* consequent on 
the growth hi number of his fellow creatures and the more cinupli 
ented scan a I condiihms of bis surrou rati rigs. Doubtless the form of 
skull of a large proportion of the inhabitants of our island indicate* a 
cross 3 trend for mini by the intetitiar ridge o f the long and bread skulled 
families id man who in distant ago met and intern lurried in western 
Europe, [hereby improving the stock of their descendant'. Ibices of 
men. sueh as tliO natives of Australia. who have remained in an 
unchanged environment and without intenmirriagft with other people, 
have made hut little progress in their intellectual capacity, the form 
of their skulls, coni inning of the same type s* those ijossomschI by Ihe 
paleolithic hi habitant.* of Europe 

" We Imve about 4,000 Eikiilh. in our mtiwmit. m-ran^lA^irrUo|f to ilxir nniulrice of 
which itiit-y arc (irraDmnhlv native. Al! tb^ jpjtiiuow haw l»cen aenimtoly metis- 
uri fi aii ii| drecrilx'd in mir valid, vih', either by Sir 1Y. Flower or by Mr. L. Mein, 
lYuf. l\ StuwaiiV ^tijatiryiuieiJ. 
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The same nui^s to which we, have referred. tilting for long periods 
of time on people of the taune rare, have not on]v led to the liprcdi- 
tsirv transmission of (heir physical eJumieter-, such us tlmao existing 
respectively among the northern, vent rut. and Kuutk'rn in habits ills of 
Eurape t but hove also developed apcdulioed areas of nerve structure 
in their biuius, by means of which they have come to think, feel, and 
reason alike; thus lulling mi inherent, widely-diffused individuality. 
In this way we nn* able to comprehend the source and the meaning of 
large In dies of men belonging to the same race bring fretjuently 

moved to lake common ..m matters utfciting the well-being of 

their mee; they pussrsa, in fact, like innate sentiment*. or racial etiar- 
aetevi sties, although separated from one another by great distances 
ami living umler diverse climates and environment. Their emotions 
and ideals harmonize, because their progenitors existed fur main ages 
under similar external conditions, and consequently deve!o[u*d like 
speciali/nl nerve centers, which have been transmitted. together with 
their physical characters, to their successors, and become crystallized 
in their laws, and reflected in their conceptions of religion as well as 
in their social institutions." 

In illustration of our meaning we may refer to those revolting 
pages of history during which Bdgiuiu and the Netherlands passed 
under the dominion of Spain, t ie Iberian dominating for I hi- l ime 
luring over a thoroughly Teutonic nice. Or we may tiOBtiuil the exist¬ 
ing condition of tin Iberiun |a>pn]atii>n of Smith Ameriin with the 
Teutonic Anglo-Saxon mlinhitimts of the l idled States, or that <>f the 
latter with the negro |H>pululiott of Ante rim. 

We have u chart here which shows the result of I In- recent gt-nernl 

election held in this country; tin- ■ jiic-tioh ni issue wit- i. in which 

the whole of tlm |ieuple of (ireat llritain were ih-eply intere-led. Il 
is remarkable what ti large |>ro|mrtion >-f ihe i nimbi hint* of Kngland 
ami of Scotland, mainly "f Aiigln-Suxon origin, voted together mi tins 
subject; whereas a contrary opinion regarding this smile < piesturn was 
hdd bv the greater proportion of the people of Ireland, and lu a large 
extent by the Weisb. most of whom are derived from Ibrro-Mongolian 
ancestors. Il is ilitlienlt to account for the diversity in the sentiments 
of the people above referred to, unless we consider H due to their 
racial mental ijimlities.’ Environment hit* doubtless played an itnpor- 

■ iTilt; Of%m and Cfinnicler el the Priii-h People, by S. V. Mmiwuisio., ]>■ 1U2. 
ExsralM the Wo*ttn Lu-ter Review, IVcvmher, IOUO. |>- 'sit ■ 

t Tin- i<Ifii I* cimltmi'-l by the result of ilm flections tlurt 1 illVI- lately taken plan* 
in Canaria and in the I'liiUsI BtaU-s of tiiH-rim. The yoimirBrtiouichet!. f ur Anule- 

Snx-r, u., f->nuiriL’ t.y far the Lnrjfcr [. n ipofticm of tin-i nimbi tame cl these vast amt 

flourishing dominions, had hi solve a similar niiewtlnn to llirt pWi before the |<h- 
„f Irreat Britain, and they have r,s|,,udi*d by u vast majority to this mil, on 
precisely ihe same lines u them* followed by Kiit’lfehnivn, moved, we lfliov.-, by 
caimLLLUi nn iiil inhm h m mitimvuto- 
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hint part in the evolution of these people, hut their inherited racial 
character ha* haul more to do with Hie position whieh the Anglo-Saxon 
mcc has gained in the world than the mineral wealth, climate, or 
protection uHorded us by our seagirt eott*L 

The environment under which even u few generation* af men exist 
would seem capable of influencing the struct lire 4if their central nerv¬ 
ous system, sis illustrated by comparing the mental qualities of mu- 
rum] and urban population. The conditions under which the city- 
bred child and man live engender in the course of a few genexitiious 
tm unstable state of nerve structure, resulting in tin excitable ebarac- 
ter, which, if curried beyond a certain point* leads to unsound iip*s of 
mind. iuu\ tuny account for the inemtdng mimlicr of lunatics hi this 
and the other large cities uf Europe. (Jen. Sir lied vers Bullcr again, 

in speaking of the soldier* under his ecu.tend in South Africa, refers 

to the fact that our city-bom men have imperfect right compared with 
men reared in the open plains of the Transvaal, thus affording m 
another example of the effects of environment on the nice** These 
are a few of the many interesting mid important subjects which arise 
in connection with the study of anthropology, including cmniologyi 
and the contents of our museum and library offer unrivaled oppor¬ 
tunities Iti the student seeking fur know ledge in them? branches of 
science. 

In conclusion, a* already stated* much of Hunter* reputation wim 
founded un the result of his labor* in those branches of science which 
tend to elucidate tnurrs nature: and during the post Century a succes¬ 
sion of English surgeons have carried mi the w ork tmmmenmi hy our 
gTeat master, enriching our museum and endeavoring to make this 
cidlege not only im examining and licensing lnwly* hut what it cer¬ 
tainly should fir- im imjH'risil institution for I lie cultivation and diffu¬ 
sion of those departments nf knowledge which lw-ar on comparative 
an atomy, physiology, or surgery. The idea* eider h-imed by John 
Hun ter a immediate successors on this subject were a My slated by Sir 
William Lawrence, in his lectures already referred to, when he 
observer that “our own individual credit and the dignity, honor, and 
reputation of otir Ijorty* which we are bound to maintain, demand that 
surgeons should not he hrtiiml any other da** of the community in 
the possession either of the cultivation of those branches of knowl¬ 
edge which arc directly connected with surgery or iit any of the ecl¬ 
air Revert Butler ]ii on* 1 - of M* spaed i&« i- reported to have stated that “In the 
tirsi instance, many of onr men are city horn, and England h* nnl ft very la rue coun¬ 
try. Wo went out to a rt^iun when' the priori|*l miintwr of otir oormEi 1 ^ were 
Iwrn in a very open country, a very Sur^c cnutitrj‘, mid if in in a untrue to ray that 
practical!> tin? v^inin, the nhlliaiTy nisfhl, of oar em-iny was 2 ndlm, at hurt, farther 
than t lie ji winner rinhl utf tin 1 English who wvn* JIltIiIliii: lln-m. That is a 

iruitt-f-r of ncErml fftil An ordinary f hiichuiati ■!■r African iun sec a mnu iYimiiif 
toward hint 2 miles befora the thru apprunrhing mu itele*-| hi®.* 4. 
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Intern] pursuit* le— immediately attached to it," Sir William con¬ 
tinues ‘"It is only hi refereme to Midi view's and objects that the 
Hunterian collection could hare l*een accepted or can bo of on y use to 
this college* *' ,J Hunter would, had lie still in^u with us, have thrown 
all his indomitable energies into the successful working of such an 
institution, and amidst the turmoil, strife, and coin petti inn going on 
[Him mI bins, would, as we see him in this picture* have licen engaged 
in the earnest, accurate, patient study of nature. It remains for our 
younger memiwsr* to emulate die example set them by John Hunter, 
and by Mich service secure lor themselves lasting satisfaction and add 
to die real dignity and utility of this college mid of their profession, 

nLeclurcs cm Physiology, Zootomy, am! the Nam ml History of Man, itdiven-O ui 
the Ritynl Ct)of Surgeons by \V, U^itMicv. F- IL Wilt, p, m. 
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Plate IV. 
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THE ItAOtl&skfiOtTStifi EXPLORATIONS: STUDY OF A 
NEW HUMAN TYPE, BY M. VERNKAI.V* 


Bv Albert Gaubby, 

.VrmiVr of ifrf InMtituts of J’Vfirur. 


Tin- Prince of Monaco delight* not only in exploring tin' depths o! 
tlu* oceans of to-day, ho also loves to explore the depth* of tins put, 
lie litis mulertctkeit to excavate the Baousad-Roussd on so vast 11 scale 
that the place is destined to throw much light on the history of primi¬ 
tive man. 

The Mini' Ikioassd-Roussd (Red Rock) is well known to scientists since 
the discoveries of II, Emile Hi vie re, A huge ijiumtii v of material 
has been taken front its various grottoes; in one of them was found 
the celebrated skeleton of the Jimliu dea Plantes, known us the Man of 
Mentone, The Prince of Monaco enlisted as Ids assistants several 
French scientists: ['he Ahlul tie Yillenenvc methodically directs the 
excavations, removing'each fitmtum separately so us to clearly esfatv 
list) the succession of the phases of prehistoric times; M. Marcotiu 
Boule, so well versed in ipiaternary paleontology, assume# the exam¬ 
ination of the various fossil animals; M. Emile Oartailhtw. the eminent 
corresponding memth-rof the Institute, workant unearthing the human 
skeletons which M. Verneau, the assistant of M. Hmoyat the Museum, 
is studying with Ids usual skill. It would l«> impossible to bring 
together scientists more capable of successfully currying out the great 
enterprise of the Prince of Monaco. 

One of the grottoes in particular baa furnished to the Abbe de Ville- 
urijve results of considerable importance. This is the Grotto ties 
Enfant*. SO called because, in 1*74, M. Emile Riviere discovered there 
two skeletons of children which to-day are in the collection of the 
Catholic Institute directed by M, dc I-jvpparent. in the aecompsmv- 
ing tigure (see p. 4&J) there is shown a section of the various de¬ 
posits and levels of domestic occupation down tu the rocky floor of 

the grotto. In the first seven meters the Alihf de Villi . . found 

ahnndunt remains of animals, human utensil*. and even two human 
skeletons. These specimens addl'd nothing pariimbtiv new to what 

■' Tmnslaii'd by [wnulfcti . . the untie >r I n un I ji Nuujtp, I’urm, N<>, ifill, M*y 10, 
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had already been found in the Itao 4 -Kom*se by MM. Kmili 1 ltmero, 
Verneau, and others, At the depth of T meters and below, however, 
M. ilt- Vllhuumvo miide some ouriou* dLsoovOPie^ whose true Value has 
been brought out by tin* discerning mind of Dr, Vmnesm At that 
tare I then* is u stratum in which an* found the remains of tin' cave 
hyena and Mousterian implements. 11 Nothing is disturbed* and we 
un* thevefdre certain that wo are well within the paleolithic age. 
Hero the Xhb6 do Villcneuve ha> wholly uncovered what ho calk a 
double sepulture* As shown in the accompanying pin tv. there are 
two stele tons—one that of im old woman, the other that of a young 
limn pit ceil side by side, in n state of preservation, the limbs 
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bent up toward the chin, stonea fating placed r*o to protect the heads. 
Formerly tbtr was much disc ussion as to whether paleolithic men 
honored and buried their dead. MM* Cjui&Hlinr and ftiiiife Riviere 
maintained that they dirt so. The explorations instituted by the Prime 
of Monaco confirm their assertion and put the matter beyond doubt. 

From ii* study of these heads Dr. Vornetut obtained the follow ing 
results: 

Tii the upper half they show ijuite superior rhsmiriots: they ate 
well d-i-vnlnpi-d. willi tine foreheads-:, On i-^aminiiig the lower half* 
however, a prognathism i> found, more marked than list* hitherto 

nS^c-toblefPliiliuwili^atii'ii in l£o|-*-rt-.£ ^nulhw-liiau Iiistltulnai fur UNU, jjji, +IW. 440 « 
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fwfln noted in any neolithic or paleolithic fossil men, greater even than 
in the skull> of Spy, in Belgium, which have bean well studied by 
MM, Fraipont and Lolie.-t. mid which 1 H-:ir in certain raspccte murks 
of inferiority. The ehapr of the chin corresponds to thin progna¬ 
thism, it I wing straight intend of projecting forward us in the supe¬ 
rior races. Besides. M. Verneau found on each side of the iiase of 
the nasal opening u groove eharacteristh- of the negro. So it seems 
tli a I, in LI deposit belonging to the paleolithic age, lnwidc the remains 
of tlie cave bvciia whose desceadmils inhabit southern Africa, there 
an* found human remains with crania having in tlio lower part negro 
characteristics, in tin- upper thow of the White race. Is it possible 
that llr. Verneau has found u connecting link between the African 
.mil t b«' Ciuitsisian types, and that we have here the skeletons of two 
beings who represented this transition! Such u conclusion would Ih‘ 
premature, lint we may tit leant say that be ha- found a negroid ete- 
meul hitherto unknown among the paleolithic or neolithic men of 
Europe. A [ithrojKjlogists atnl paleontologist' owe their thanks lo ilie 
enlightened prince who is aiding them to discover the mysterious his¬ 
tory of prehistoric uum. 
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FOSSIL HUMAN REMAINS FOUND NEAR LANSING* 

KANSAS. * 


By W* H. Holmes 


The fo^Lsit remain# of two human lining# were discovered while 
digging u cellar tunnel for the storage of fruit on the fsirin of Mr. 
Martin Cbncuiinon, near Lansing, Kansas* in February * 1£K)2* During 
llie past summer the site was visited by n number of geologists, urche- 
ulogLt-. and others interested in the history a iuI antiquity nf man in 
America* and already several more or less dal >o rate account# of the 
discovery have lieen published in our scientific journals The last mid 
by far the most critical study is that of Prof. T* C, Chamberlin* which 
appeared in the Journal of Geology for October and November* tflOSL 
Other pipers are by Prof, S. W_ WHIiston (Science* August L + Mr. 
Warren Ujib&lU (St-ieuw* August 3lt; also American Geologist, Sep* 
teitiher). and Prof. N. 1L Wine hell I American Geologist. September). 

I laid the good fortune to accompany P rof lessor Cham I lerliti on hb 
first vinit to the site, and to meet there aktri Prof, R, lb Salisbury, 
Prof. Samuel (Calvin, Dr* Krasin us Haworth* Dr. George A. Dorsey, 
and Mr* M. C. [jong. t'areful examinations were made uf the tunnel 
and of the geological formal ions in the vicinity , as well jis of the 
cranium preserved in the Kansas t Tty Museum, and it was fnnnd that 
the accounts of the discovery previously published were esscnliLilly 
correct in every important particular. The human remains consist of 
Lt -bull and a mini tar of the larger bones of an adult mini and the 
lower jaw of a child of some ten years. 

Owing to the difficulty of studying the formations in the tunnel, 
already well fill it l with farm product* at the time of our visit, the idea 
of makingadditional excavations was suggested, and through the kind 
offices of Mr. I/mg it was arranged with Mr. Coiiainnoii that the 
Bureau of American Ethnology should undertake this work, Mr. 
Gerard Fuwkc, who, under my supervision, had been conducting 
researches in the well-known fossil bone teds of Kimmswiek. Missouri* 
wad tailed in* and during the month of October n trench wan opened 
into the relii>hearmg deposits from the went at right angles to the 


iJ R^tHntud hy |it-mnysi>*n frum the Abierfcntt Anfhni|MiUipist (X. $.}, veil. 
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fuiiTSkJ dug h\ tin 1 Cwicaimons* exposing tilt full depth of the deposits 
for ii horittouhd distance of a I tout 4n feet* Besides this Mir tmiin 
cellar ItLiimd wtis curried some 1J feet further, mid n rlmiisI m>v was 
excavated on the east side of the tunnel. opposite the pujixt where Ehr 
remains of the nmu were found* When this work was completed 
Professor Chamberlin joined me in it second visit to the site* and 
examinations of nil the phenomena were made under the most favor¬ 
able conditions. 

In the following brief summary 1 rely for geologic! interprotatious 
largely on the views of Professor Chamberlin, whose mastery of the 
intricate problems of glacial and posfc-gladnl geology is everywhere 
V acknowledged. 

The remains wore found beneath JO feet of undisturbed depend 
forming a little bench on which the CuiicurmOn dwelling stands. The 
child T * jaw was an countered about UU feel from the entrance of the 
runnel and the skull of the man lo fed farther in. There can hr no 
doubt of till - eon vet lie’.s of Lliese oliserviitions* 

The skull is well preserved and rorres|nmds idondy in ly|** ! wish 
crania of tbo historic Indians of the general region* It presents im 
Unique features and offers no suggestion »f great age or of inferior 
organization. Front and hiu-k views are presented In PI* J and profile 
and top views hi PL II. Its chtmir ter talks iwv briefly aummurj^ed by 
I >r. 1 hirsry as follows: 

■ The specimen, after siirb reparation has heen possible* lack-all 

the bone* of the facts and small portions of the occipital. ..pond, and 

frontal Imne*; hence no olnerval urn' are pOBdblflrOR the face or hose 
of the skull. # 

**The lames are firm* hard, and comparatively fbim l hr sutures 
are moderately set rated, 

‘'From above thi j 'kul! i* ovoidul in form, with somewdmt bulging 
parietal* and occiput. The glabella is only fatrlv |ngh: the sujiri- 
urhitnl ridges near the ghils-lla are well marked. The forehead retread 
gradually and h uniformly convix. The vault readies u ccmsideralde 
height and ret reals rapidly to near luion. The occipital region bulges 
decidedly* 

u Tba temporal lines me fairly well marked * hut not pronounced, 
and extend slightly above the middle of the punctata. the mustoids, 
though much damaged. were evidently not above medium, The occip 
ital ridges, with the exception of the superior one, and rhe ordinary 
occipital depression* are venr faint, 

"The skull is of an individual probably from 40 to 50 yeare of iigt\ 
and, I 3iui inclined to lieUeve* that of a male, in its general sha|K L the 
skull heais a striking ri-semblaoee to the crania <*f the Plains Indians* 
for example* the Bhtckfoot* It,'* measurements are as follows: 


14 Maximum timgth, .... 1*1 nieo 

'"MfucimuEii breadth _„,_____ _ _. IW 

“Ccpiulk index .......,,.. 7k6 M 


l he only i | nest ion likely to give rise to serious discussion ta that of 
the age of the formation* with which the ivimiins were Eis^R-iaN-d. and 
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to thU point I aliall give chief attention. Tin- la-neb nmtpied by the 
CiHii-iinnnii dulling' i* squarish in outline, having a linrizouinl extent 
of til unit I."j 1 » feet from insist tn west and |ierhnjis |uo fenpt from north 
to south, and its highest [hi hit is nl*out feet above the preswiit flood 
plain of tilt 1 river (me lig. U I)> It it-sts against the I wise of a limestone 
spur of the river bluff* on the south side uf a little valley that rqtens 
oat into the river bottom at this point* Tbs* upper surface of the 
Iscndi hIo|h> away at a low angle from its jtuu-titm with (be limestone 
spur (it). Furring the l iver it presents ei ifceep dope fauitinunits with 
the fare of the river bluff. On the north it deuitiftds abruptly to the 
lied of the rivulet, and on the west the slope es hi mew hut gentle to fhu 
sinaiI Intend valJev on that side. 




Fa*. l^pllYWli ihjiJs ul Uir LaiLslttjf p!1p, iniiLdaUhif twitil tH-neto mr.iiHnl* Jn liwitian-i. {n. On< 
■ •laisinpi ilnrt-1 LLEI4C ual i*UiU contort of IlnmJmic river blulf with Kc«nt toftcli. &, RtimniNz E'* 

i L!ftf itcnni 1 L <? F Inrh'f 1 'ifcd ni 11■ j 3ni■ J < ivijt , ?r *4iill wni Inn bn!, 4 h TirncJi a [Mail'll av burr-uu ■■! 

Amcrtcmn EthraiLiso'. *-*. fitiirtnt* of UmnaHoti* 1 o ritnlclbed, J, En trams," **! rivuli'i so 
HtVer flrti.iJ pulse if, 0.nl(ii“E4.f Ijjutwtww »|Hir nurt totwh rumaftlft m hflfth k-h. Licit »i( 

•rrtkm, fljf. J i 

An excellent photographic view of the Cancan non trench is given in 
PI. IIL H wm rush it- by On IL AL Baum from a point on the lamb 
of the little stream that pushes out to the river Ittt&fttJi at this point. 
The entrance to the cellar tunnel is well marked by (he figure of si 
tudy near the venter uf the picture* The ]»om1 of view is >n |mi 
that tin- promontory which ri^-s behind the tenure doesi not appear* 


Tin? trench made liv the Bureau entered the heiedi a few feet beyond 
tbe gate in the picture. 
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The cellar tunnel enters the north face of the tanch near the base 
(i, tigs, 1 und 2). The skull was found at t\ 70 feet from the entrance, 
go fi-rl from the upper surface of the temice, and about inches 
above the floor of the tunnel. The lateral tmnch i* indicated sii */ in 
both illustrations. 

The dcpwifc composing the I tench* *o far lls exposed, rest on the 
nearly level surface of n Mm turn of Cnrbomfc roua limestone (*-rj,and 
the tunnel is dug so (Jml this surface forms its floor* The depofdi-> are 
believed by some to bo true alluvial loess. derived directly from the 
he front in the Valleys above; they would thus represent one of the 
(iliieiaL .stages. Others regard them us consisting of finely Comminuted 
material derived from the loess Ijeds of the neighboring slopes und of 
other coulter material* from the hillsides spread out in comparatively 
recent times by local agencies in and about the entrance to the little 
valley* The first uf these view* lire lieen adopted by Prof* S- VF. 
Williaton, Mr, Was rim Uphanc and Prof, N- it- WiuchiM; and the sec¬ 
ond is held by Prof. T, t s . ChuEnberUn, Prof, K, IX Salisbury, and Dr. 



±—StwOon rnd! tbv lAiiifti k *10? *hfl*tng l*lufls infl ritef . kckli^r ft -Nth . (a, Outn--finura 

dwelling and poJstd contact n\ UmortoTw rivet bluff nml nnuftil t. ^iUsul 1 ? In r«llsr 

tU&twL t„ rm\ rrf |utmn?l whrrc Anil win Fmmt if. TphsaIi opmd by Bnrmn mf Amcri- 

ihin EUHiDk>Ky. r-r„ <*uE?n^i *»t tbn*»rwi* Lii rKiili‘1 I,hsL /, Rtrtrtllw iif rifalkrt Em Mbeoiui IHvit 
flcKP1 I'laJli t. O null.- £tf Htfi-nnfc fitnl n 

Samuel < "illvin, [ am inclined to favor this latter view, not only liecaii*e 
it appears to lie sustained by the geological evidence, hut Intous* it is 
in hanminv with what we already know of the hfrtorv of man in 
America, The skull correspond* in type with crania of the histone 
occupant* of the region—I lie Indian trilios- -which fact eames with it, 
according to the view of some biologists, a presumption against its 
great antiquity; and again, there is a* yet no silks taut in I and niieipju - 
ocal evidence that men of any nu^ existed in America during the 
(darinl period. 

The geological features of the site, in so fur os they relate to the 
question of human occupancy. may lie bricily reviewed and their inter¬ 
pretation may l*e presented in the same connect ion * The lirsl step in 
tlie history of the site’ requiring attention Is tint exposure or partial 
expofiura of the nearly level limeMone floor on which the materials of 
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I Im- 0>ih‘iiiieioii Ivfidi wpfB afterwords df|x)sitcil. I hi* pfobiilJy tm.»k 
jiljicr nlifii ihv river cbaiiiu 1 ! riirvi’tl sharply in uguirat ilu- Mulls nl 
(hi* point, permitting the currents U> break down mrul purtiully remove 
the .superior beds of shale and limestone well within the entrance to 
the little ml ley. When thk active erosion ceased the limestone sur¬ 
face wns strewn with rocky debris a footer two deep* and in against 
the hi iiit at the southern margin there were heaps of coarse tains! mate¬ 
rial upon which the two human bodies were fust or in which they were 
rudely buried: mid just here we reach the point of divergence of the 
two interpretation-, with respect to the period at which these events 
occurred- The first view assum es that we are probably dealing with 
the Iowan epoch of the Glacial jn-riod. If thin is etirrccl, the events 
following the deposition of the bodies would tie about ils follows: Dur¬ 
ing this period the river, becoming burdened with silt from the reced¬ 
ing ice front, hurled the bodies anti began to fill up its channel. Step 
by step the surface rose until the immediate valley was tilled and oblit¬ 
erated and the waters flowed out over the highest bluffs, depositing 
everywhere the mantle of -lilt known to geologists as loess. As the 
ice receded to the far north deposition gradually ceased in ibis [mrt of 
the valley, and the river, step by step, cut its way down again through 
the vast deposits that tilled its former channel, leaving u succession of 
loi'ss terraces more or less well defined against the hillside^, and finally, 
after many fluctuations, reaching its present level, which at extreme 
high water is from 5 to 10 feet lower than our datum level—the lime- 
rttoii-i 1 floor itulu-ntod nl * —*m l%* 

Kui airf* we warranted lit t+uppi>dpg that the two human bodies 
became Associated with the dfbrinOn thi; limestone floor during thus 
great epoch in glacial history, or an* wr to adopt tli* opposing view 
that at the end of this opiswdr, nr long nfter it- dow, when thr river 
had dracendiad to needy it* present level, the floods muuvwtd the 
Ifmestono Murfuee within the entrance to the little valley, and that at 
tlii* time the aborigines* tin* ancttStor** of our histone t itlIm'm.* left their 
dead among the heap* *pf debris? 

The hitter view lUftiuitiON thnl the river probably hud little to do, 
directly, with depositing the material* c Imt buried the human bodwa 
and now form the Gomamion bench; that after clearing the limestone 
floor the current probably followed its habit of rapid change and 
shifted for n time to the ga&tem nidc of the broad Hood-plain* leaving 
other agcncies to control tlie dentinterw of the little valley now occu¬ 
pied by the Concannon farm. Naturally, the deposit* of the Ijencb 
imve t jcou examined with minutest care with th< 4 view of determining 
the ^tory of their sicrnniuhitiom If laid down in water they should 
^hoW decitlcd evtih^n-c of a*wortmeitt nnd adding; if the result of 
redistribution of loess jiiuI other local unite rial?- through surface 
agencies, the deposits would present little evidence of assortment and 
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no evidence of systematic atratiiiriitioii* Throughout thw entire depth 
of these formations* age b xpo»ed in the tunnel and in the trench* there 
;L ]n^ ur- to hi- but one feature that cun be construed giving decided 
to ill I- view which fiiV4»i> IliLviul origin, A thin wum of clay 
ap[M k jit>; in the west wall of the tunnel, some S feet nbova the lime¬ 
stone floor* and extends front the entrance fur bark toward tbo south, 
rising ill u low angle. The earlier examination* of this deposit led to 
the eoiiyjusion that the lower part* at least. of the formation had Wn 
laid down by the river, but subsequent investigations show that the 
layer is not continuous that Is is not found in the east wall of the tun¬ 
nel opposite its appearance on the west side, tend that it pinches out 
quickly to the went* tm trace of it having; been discovered In the walls 
of the great tit^neh i lug by the Bureau, It ti just such li layer of 
water-laid clay ns would Rcrumulate in the ln*d of a sluggish stream 
running with the trend of the tunnel at this point* or through the 
presence of a small oblong |jmmiE of water left dining a season of flood 
before the river finally deserted this level. 

The deposit is composed for the must |.w.irt of !oesw-]ike silt, through 
which, at all levels* are seatiered fragment of Limestone and shale* 
the whole presenting much variety of ronij^sifcinn and irregularity of 
jn ennnilatioin lienee it is sunn bed that the history of its deposition 
an hv lie somewhat as follows; When at u period imhiinitilv later than 
the close of the Iowan epoch. and pissildy inueli Later than even the 
clota? of the Gliioi&l period, the river retreated from the west side of 
the valley, leaving the limestone floor at the entrance to the tittle 
valley freshly exposed* the steep dope- of the valley, half u square 
mile in area, wnv muni Led with lue.-> deposits and these, with courier 
materials from the general surface* were curried down hy erei i p and 
wash to the gateway of the little valLey. where* since motive erosion 
by the river hud ceased* they accumulated* tmrying the exposed rock 
surface and the human remains to a depth of SfO feet or more and 
spreading out in a fan-shaped delta on the river llood-plain about the 
mouth of the valley. The narrow out ranee to the valley probably 
favored accumulation, and the weak intermittent rivulet must have 
boon quite incapable »*f clearing the way and cur tying the Liven mu kited 
material far out over tlie plain to the river channel. At any rate it 
seem* altogether mi*onah|e to suppose that feet or more In depth 
of this material could have been deposited within and about the 
entrance U* the little valley* The amount of accumulation would lie 
limits only by the Length of time that the river channel remained far 
away to the east und by tile supply uf easily eroded material. Jl is 
readily tun let-stood, however, ihut between die jK'riod of the burial of 
the huiium hndies ami the present tinn- the river may have rotuifued 
um e or several time- toward the west hind, | ^emitting motive work in 
undermining and cutting down the limeMone fare, That it did return 
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is strongly suggested l\v the apparent nvrnincss nf the cutting and 
the fac t that the Coiuaanon Irench, the surface of which was at one 
time continuous with thu flood-pin in surfocrs is truncated on the fare 
uniformly with the main bluff. This return of the channel to the 
west nide would give the little stream the opportunity of lowering its 
rhuimrl tn the present jwrfcet adjustment with the vtvor* mid especially 
so aiuce p us the centuries passed, the Iocs* deposits hud Wn lately 
removed from the slop's of the valley above and .rapid accumulation 
about its raotllll by creep and wash had nrcestfirilv rented, 

The preferred interpretation of the phenomena, then. i> tliat the 
re lii>bearing deposits of the (om-iinnon be neb were nut laid down in 
Ukvinl times by the arth-charged waters of the Missouri* luit that they 
are n remnant of delta-like accumulations formed in vnmpn nitively 
recent times wtihin and about the mouth of the tributary valley by 
lond sulnu-riiiI agencies, nil Mive the more protected jxirtiuns having 
been removed by Into encroachments of the eve r-eh tinging river* 

The Lime involved would not be that required by the Missouri to 
lower its flood plain from the upper level of the kmch to the present 
high'water mark, a descent of or -15 feet, but Mm [w-riod required 
to depress the flood plum from a little u I mho the surface of the lime¬ 
stone floor on which the todies rested to iis present level* a descent of 
from 5 to ll> feet. The measure of this amount of erosion in years Is 
Mie measure of the age of the I rinsing iljllii; this mav to thousands of 
years, hut at mod it run be lull a fnu Lion of tJie time required by the 
other view* for* according to tliat view* the river, after burying Mil! 
Iinmati bodies, tilled its chan tie I with glacial deposits until it over¬ 
flowed the highest bln IK nnd then descended again to the prestint 
Level, The time required to All up tin 1 valley* H or more miles in 
width and nearly 200 feet in depth* and then to cut this filling all out 
again cun never be determined, since chronologic criteria.mv hirgdv 
wanting; hut it might well ivach ten, twenty, or even thirty Miuustsud 
years- On the other band, the time required by tbe river to lower its 
bed & or 10feet might possibly hr expressed in hundreds rather lhan in 
thousands of years* It may be of importance to note, however, that 
even this amount of lowering need nut to assumed in accounting for 
the facts. The high-water mark to-day along the Concftutiun bluff. 
With the river a mile or two away across it wooded plain* might well 
lie several feet lower than the highest, level reached hi 1 u strong cur¬ 
rent driven directly or even obliquely against the bluff* 

The u a thro; ologiwt may readily find other thun purely geological 
criteria to aid him in reaching his coiteliiskins, ft h n pari of our 
common knowledge that mien have occupied the American continent 
for a long period, but lhat they occupied it during the (ibwinl epoch, 
or even at iho period when the filarial front Anally receded northward, 
ia not demonstrated. Besides, h- already mentioned, Use cranium is 
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well preserved and frush looking and is nearly identical with crania 
of onr historic trthas. Ni>w when* a- in tin? present nua\ twi » some¬ 
what equally supported interpretations of the geological phenomena 
are possible—the one making it Etppenr Slini remains of men <m cur in 
formations where they could reascniaFdy Fm* expected, and the other 
carrying human iHVLi]Kincy buck ten thousand or twenty thousand 
years—the anthropologist may tfnuAHtently accept , tentatively nt least, 
the tii>t of thesis interpretations. and the non-professional student of 
the subject may find it wise to at least withhold his full acceptance of 
either view until them geologists \k^i qimlifiid to discus* the special 
problems involved shall have reached practical unanimity - 

As a result of my own observations at Landing* and considering also 
the conclusions reached by Professor Chamberlin and his associates. I 
find it diHitaiIt to come to any other cont-Iuskm than that the human 
remains tinder consideration are properly classed ns of Post-Glacial ago, 
interpreting that berm to cover all time subsequent to the final retreat 
of the ice from the region south of tin- Great Lakes. 

The Landing skid1, Illustrated in Plates ! El, belongs to Mr. M. C, 
Long* curator of the Kansas City Museum* |i hats Usm carefully 
repaired under the direction of Dr. George A* Dorsey, and is now 
deposited in the l idled States National Museum. 
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By W B \\\ Skkat, M. A. 


In addition to the civilized hrown-*hiimed Muhammadan Malays, 
who aro u.distant otFshoot of the Mongolian >loek, there an' at least 
three group* of suvuge ami heathen trilies in the Malay PeniusLilu* 
which umy ho roughly dislinguished ms follows, m -wording to the char- 
actor nf their hair: 

1. Woolly !mi mI Negrito triljCs* culled Seiming* 

2. Wavy-Inbred tribes* called Sakai, 

H. St might dm trod tribes, called Jakim/ 

Of thsv"<% the Negrito- iSeiimiitf) aro found iil northern Perak* 
Kedah, Kf'laatari f Tri'nggiitin» mnl the northern districts of Pahang 
fPl. L [}; the Sakai in southern Perak* Selangor, and Pahang (PL L 2) h 
and the tlakiiiis (mixed with other trilies) in all district.* south of tire 
States mentioned down to Johor and Siiigitjjore* and also* generally 
speakings along the constoi (PL 1, 'Ll. 

The first of these groups—the Srnmiig-—is a fairly pure branch of 
the Negrito mcr* which includes the native* of the Andaman Island*, 
in the Bay of Bengal; the Negrito*, of the Philippine Islands, in the 
China Sen, north of Borneo, and (he Seimmg, of Malaya. 

A eurions punt nlHint dais group is that il still remains li. monii ques¬ 
tion -as our niosl rercnt authorities dee lure- - whet her any Negritos 
occur in Ikinseo, whieh would naturally be the eonaeetiug link 1**1 ween 
the Malay Peninsula awl the Philippines. 

Some day it umy bfl possible to answer this question* but meanwhile 
it is no h“?-s difficult to say who tin- Negrito* really arc. Tljey seem h* 
have ivi'eived their name from the Spaniard*, who regarded them as a 
sort of dwarf negro rare, a!though they have nothing in common with 
the true Negroes hut their woolly hair and black skim The old idea 

a Reprinted,, by permission of the anther and ptibltahcr, from Journal of ihe 
Anthrepido^iml Institute of f rreat Britain and Jiriairi. Vi 4. XXXI], tfirnnirv June, 
1^ pp, fJH-m. 

h Presided to the luHtltnu- February ll r IfNE, 

r ThIs rlns7iliiutioii is practically Uiscd upon that of lYuf. Rttdntf .Martin, of Zurich, 
w h n for^wyM pust hti- hvn picparinjtiiD ini^>rtint tonriujppli on the very 
difficult uuf hr<>|*i!i*sy id ti>rse tril*- It differ- solely in the isolation <4 the thin! 
|jiikiin) tyja?p whieh U tided in Martin F third ph-tip under thi* holding of 
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s^ms to luivn > K-vik tlnit they were tin- offspring of African negroes who 
hud csrajjcd from slave dhow* which 3sml Imen wrecked iii the Eastern 
Archiptdugo; indeed* 1 iiim- heard of one widely i^eugnmed utithiirity 
wbn maintained that the Negrito* w’ere the de-Hoendarits of AfriiMti 
daves brought ipvt'r by Alexander the Irrent when he visited India. 

Nowadays* however, anthropology takes a nioiv toiler view of racial 
it In turn ships mill it i* pretty generally acknowledged that the Negritos 
sire not Negroes* nor even n branch of the Melanesian nr Papuan nu-e a 
as Mhers; have held* although, if there is to be guessing, file hypotbe^ 
sis that would appear to have the most likelihood of lieing some day 
*idft1miLi;tt£d is the brilliant suggestion of Sir William Flower, who 
thought that the Negritos might possible represent an infantile ty|K! 
of a w p ooIty-haired rare, of which the Negro on the one hand and the 
Papuan ou the other wen- highly specialized derivatives. Even ihi^, 
howevvr, as I hsivc said* is hul guesswork, and for our present pur¬ 
pose* we must be eon te nt to regard th+- Negro* the Negritin and the 
Papuan as the representative* of three very different and separate 
racial typ 1 *. 

It may perhaps be of interest to add that for many years, inwhaps 
on account of the tree-dwell big habits of some of these tribes, it was 
hoped that the Serna ng might ]Mtf-ses* some ape-1 ike attributes. 
Though these expaUuSions have been shattered, and the Serinsug nin 
not he nee forth he regarded :ls jKJsse*smg an abnormally pithecoid 
character., he *e ill retains the interest which attache* -to him as a rep¬ 
resentative of uni 6 of the wildest runes uf mankind now extant. 

Tile srond type of which these race* are i-uin]a^*i is represented 
by the Sakai trilies, who offer, if possible, a vefc more dUKcult problem* 
An attempt has recently Ihmsii made to identify theiin mainly, it seems, 
on the strength of linguistic evidence* with what is called the Mon- 
Amin in group of nice*. i. e.. with the tribes w ho pmessed till about 
six hundred years ago the country which now Shim* and some of 
whom -till occupy Pegu and t'niidiojn. 

Linguistic evidence has, however. repeatedly proved a blind guide 
in the idin-hlatioii of racial problem** and 1 do not think we can depend 
upon it in the presen t rase* Racial dass ideation* must be leased on 
racial facts, and in the present case we have the mole nvdnble 
alternative suggested by Professor Virchow for wllttt appear*’ bn a 
very diffemnt grouping, 

Virchow-* theory k dimply that tin- Sakai may i|Utle possibly belong 
towhist In- culls thi Dnivido-Australinn race, the chief ivpn^eritniives 
of which nre (he Veddn- wild tribes of Ceylon, I Km- civilised Tamil* 
of ^mithern India, the Australian black fellow*. and the Sakai of the 
Malay Pen ins a In. 

In the essential diameters of t3w hair and tmad, there i> certainly u 
reinarknide ugrccnieiil, and the only great difficulty about this group 
ing *ecms to arise from the color of the *kin f ulnrli among tin 6 Snkttis 
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often approaches a light shade of yellowL&h*bPown, whereas among 
tlii Tamils blin k skins commonly occur. Professor Yirebow meets 
this Hi lliciilty by ]>olnUcig mi i that t hi* Sinhalese! of Ceylon. although 
admittedly Aryans nre frequentIv so dark in color as to be filled 
quite black. 

This point let authorities detide; nil that can he slid nt present is 
that It appears an eminently sune nrfd arguable liyjiothesis; and that 
it seems to have already fornid some ucrepiauee. If it Is correct. we 
may perhaps suppose that these akuigmul Dmvidkhs once extruded 
far nor tli into In do-Chinn and there aerjuitmi the diitlesisof the Local 
(Moa-Aimam) tribes, an idea about which there k at least nothing 
fantastic. 

The third racial group to which J have referred consists of the 
Jnknns, ini aboriginal race closely related to the Malay* and which, in 
its pure type, po>ses*e* markedly Mongol inn features. They Mftng 
to what the (lemuuis wh add call the ” IVMfllay^ race. hut which we, 
in the absence of anv such convenient prefix, are roust mined to call 
by some such elntnsy substitute us Pne-Malav or Proto Malar- the 
■“savage Malays M of Alfred Uus.sell Wallace. The simplest nniue to 
give them h perhaps " Malayan/* 

This “savage Malay" or d&kun race, or whatever we prefer to mil 
it, is divided into two main groups, (1| the diikuns of the dongle, or 
Hill JakuuK and (2) the dukuns of the Sea, or Ontng Laut. The lat¬ 
ter set of irihes now rousi>t of the broken mmmnl- of the Pirates or 
Sea-gypsies of the Straits of Malacca, who for *0 many years were 
the scourge and terror of those fur eastern seas + 

From what 1 have said It will. I think, lie evident bow important 
are the issues which may depend for solution upon our proper study 
of these tribes. Iletoiv elosing these notes uti the general relation¬ 
ship between these three races and their neighbor*; J will therefore 
give a few more details concerning each of the several types demeritiech 

The physical eoptrust itetween all three root's i> most fortunately 
sharply drawn. 

The men of the first-mentioned race (Senmug or Negritos] are about 
4 fret i 1 nr |n inches in height, their women living about 31 inches 
shortei'. The cob>r of their skIn is very dark 1 jrowri or 1 duek + A m ung 
the purest bred Semangs I have seen it a glossy jet black, not unlike 
the color ascribed to the Amhtnuricso. viz, that of a newh black- 
Irudisl stove. The shat*' of the head is mrsatirejihaliv and braehy- 
cephalic (L e«. either rounded or intermediate between the long and 
round types)* (’he forehead is low mid rounded and projects over 
the root of the nose, which is short and deprived and pv round dmpeiL 
Hie eyea are round and wide open ami show no trace of obliquity, LliO 
iris living of a very rich deep-brown color. The lips vary from mod¬ 
erate to full, the month is tut her large, the ehjn but feebly developed, 
m 1U02 - 30 
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and n side view of the face sometimes show* some proguathiHm or 
projection of the lower part of the facial area. 

The hair is nf a very dark brownish blade {never blue blank, ns 
nELKhiirr Chinese and Malays). It grows in short spiral tufts, Stirling 
closely all over the sculp, if not shaved off, as it very f raj neatly w* 

The height of the Sakai does not mate rial Iy differ from that of the 
Seinimg;* but the color of the skin is very much lighter than that of 
the Negritos, and sometimes shows n reddish tinge about the breast 
and extremities, The head i> dolichocephalic, or long shaped. The 
fare is ha-lined to lie long, and would be hatchet shaped but for tile 
breadth of the cheek bones, which help to give it rather an elliptical 
outline. The chin is commonly king and pointed; the forehead rather 
high and flat, but brows often Iwctling, the notch above the nose being 
verv deep: the nose small, often slightly tilled ur rounded of! at the 
tip, Imt ilI the same time broad and with very deep-sot nostrils. The 
heard usually consist* of n few long and frizzly chin hairs, remarkably 
liki > that of the Veddas of Ceylon, but in some vases ii certainly grows 
long and bushy. 

The third class (Hie suv&gc Malays or Jukuusj is bard to identify, as 
it has received u large tulmixtiiro of Srmang and Sukai blood. Never- 
thellos, the jmre type is* I think, rrccsgni zable and will be found to 
differ widely from both of the two types already mentioned. 

The) 1 tin- dakuu-i are ;i little biller than the Sakai- or Smuings. 
Their bead i- bniehyrephalic or rounded, their skin olive brown to 
dark copper. Their face has n flattened appearance., and their lower 
jaw i- inclined to he square. Their nose is somewhat stumpy i. e T , 
thick and short but with wide-open nostrils. Their cheek bones sire 
high and well marked, like those of the Malays and Chinese. Their 
eves iuv black and of moderate size. Their mouth is large and broad* 
Their hair straight or hmk, and with a bluish-blank tinge to it. not 
unlike that of the Malays themselves. Their U'ard b= setmly. 

In addition to the foregoing three nisi in types wo have perhaps 
naturally, in spite of thei r antagonistic elements, a good many instcuires 
of mixed tribes, most of which ran, if the purest types be taken m 
standards, lie resolved with a fair amount of certainty into their 
original ingredient*. 

There are many physiol.igienl point* about all these triboB whiidi 
would ta of great interest if f had time to go into them. Their arm 
stretch, for instance* i^ almost always greater, sometimes much greater, 
than their height Their feet are unusually short and stumpy and 
splayed* w ith n remarkable inward curve of the great toe, the prehen¬ 
sile character of which enables them, when spoiled by domestication, to 
become very clever at stealing, ] have Keen Semangs run up Irees by 

11 For tin? infemuitinn ufami the Sakai* ui» wv)t w* fur the tv|>e plmtograpM E urn, 
very deeply Lmli+hicd io my friutid Rudolf Alarthi. 
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placing the lint of the foot against the trunk and putting their arms a 
good way around it. The eyesight of the Sakajs, ok tinted with the 
nnny tests, though not abnormal, is distinctly good mid semis to com¬ 
pare very favorably with our own. The .Fakun power of scent U 
exceptionally keen, and 1 was frequently astonished hi tho great dis- 
tjnief :it which linn won hi notice the smoko of a camp fire hi the 
jungle many minutes tiofore 1 eonld detect tho toast trace of smoko 
myself. Their walk is very peculiar. the foot being lifted very high, 
almost as in dancing, and hv this, and a certain restless expression 
about the eyes, oven those dak tills whose features arc mosl like those 
of the Malays, can lw immediately distinguished when they are met 
crossing upon country. 

Tho food of these jungle (rti—their lira! mid must vital vmisideni- 
lion consists mainly of vegetable products, *urli as the roots and fruits 
which they dig tip in the jungle, as well ns (among Irjhes who have 
reached ihe first stage of agriculture) of (lie produel of light crops, 
such as yams, sweet pitatOG*. maine, sugar tune, and bananas, ami, at 
a later stage, of rice. Meat food, consistinguf game brought dow n bv 
the blowgun or the bow, is also largely employed for food, but ilii- i> 
mainly nnmng tho Semiing*. some tribea of Sakais neglecting to go in 

pursuit of gum.til tlieir supply of vegetable food is U-gioning to 

run out, though even among a good main Snkni trilies both hunting 
and trapping ure energetically curried on. Some of the yams eaten 
are poisonous and require careful preparation to render them tit for 

human consumption; so.kinds are buried for days together In n l«m 

in the swam jus of the jungle (ov in running water), when they are dug 
up and have the juice Htpiecxed out of them with a lever Indore being 
cooked ami eaten; other kinds arc grated on an ingenious natural grater 
made of the young grow ing shoot of a highly prickly rattan or calamus, 
the grated mass lining kneaded with a spatula upon a hatiuim leaf and 
mixed wilh slaked lime in order to destroy its [jfiisonous properties, 
when it is wrapped up in a strip of green banana leaf, inserted in a 
split stick, and rousted over the fire. At meals the Srmung men, 
from the oldest to tine youngest, alt feed together tiefore the females, 
the latter. who have done the cooking, looking on with hungry ayes 
until their lords and masters have finished their repast. 

In tlie matter of animal food I Kith .Sakais mid Seinatigs eat rvory- 
thing that comes in their way— monkeys, deer, wild pig. birds, fish, 
porcupine*, lizards. squirrels, nits, and mice; riot even awakes are 
excepted from tho menu, which, it will thus lie seen, is a aufliricnUy 
varied one. 

In huntingnnd trapping, which arc employed solely for food pur- 
pns"s, these trills are. as might be expected, exceedingly expert. 
They Imvfia turn retain knowledge of the jungle and its iuhaltitunln! 
iitul seem to have an instinctive knowledge of tin- presrm-e of animals* 
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lining siblc, when no oelc else can, to tell the exact w he real mitts of a 
bird or anithal moving a great way off in tins forest. Their sights m 
I liLiVr slid, is naturally good, mid through training Imt-imies wonder' 
fully quirk. The se une is true of their hearing* mid* a* they are 
believed to heablo to tmek snakes by their smell. it is evident that thzit 
faculty is in no way inferior. They know their way about the jungle 
better than anyone, and their intimate knowledge of the life history 
of the jungle beasts is turm-it to account in the methods by which they 
hunt and trap their game. 

UVKTIXO AX IP TRATPTNO. 

The chief weapon of the Sowing (as among Negrito tribes else 
when 1 ) is the bow, which closely resembles that used in the Little 
Andamans / 1 and with which poisoned arrows are used- Hint of the 
Sakai and Jakim is (lie blow gun or ljkiwpijH*. This latter i- com¬ 
monly a long slender I,ii 1 h% often d <>r H feet long, composed (when¬ 
ever -so long a piece eh rditjiinahlc) of a single joint or hit crunch* nf an 
exceedingly rare jqweW of heimhuo,, which is found iri the peninsula 
on two or three high mountains only, and which is called Rambus* 
Wrayi.* This tube is protected and strengthoiiifd hy fndng inserted 
in a similar lmmhoo tube or case of slightly larger ralitior. The darts 
are made nf tine slivers obtained from llse midrib of the leaf of certain 
kinds of palm. They hit about the eis&c and thickness of a steel knit¬ 
ting needle umt are furnished at one end with a small, conical butt 
which i- rmidi 10 tit i rather h Mistily I the bora of the inner mbs 1 or 
blowpipe. The point is about :111 inch or mom long and as sharp as a 
needle, and just above it u nick is cut in the shaft of the dart, which 
causes the point to break off iEh the wound when the quarry attempts 
to escape through the tangled undergrowth. The point is, moreover, 
thickly coated wlih [kusoii enmpounded from some of the most deadly 
poisons known, among which arc the mp of the well-known rpus tree 
{Afiitttrt# fojriairirt) and the sup nf a shrub called Ijadi Akar. which is 
a species of StrychnoH. 

The hJrnvpijH' is ei breechkiader, the dart being inserted in the ori¬ 
fice, with a light wad of a fluffy substance obtained from the leaf 
hxs.es of a palm packed belli ml the butt end for the preveto 

lion of *■ windage/’ It in shot by taking part or the whole of the 
mouthpiece into the month and sharply expelling the air from the 
lungs. The dart thus potsoned and ready to break off in the wound 
nmy in fai l be not inaptly compared to ihe sting of a bee. from which 
it may quite possibly, to some extent, have been copied. 

If H H* Mon, The A mini imu tatondem 

^ j _v very nnirh rarer kind in the wcmhIvu hlowgnn <if K. a:mnin r which in matte by 
Lushing tcgrtlicr tkroii^liont tlicir retire U»n^rtJi two half cylinder* >4 wood, One nf 
daw Eatletp miuAnrlog 5 fo:t ^ tacbvH in length, lias recently beta piutwntaL to the 
Rfithfh Muwuiu by Mr F. VY r Dougin*, of the F. M. S, aervico. 
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Even the blowpipe itoelf 1* not without its natural prototype in the 
Mulay Peninsula, in tin 1 rivers of which thore lives a small lish railed 
T&nrfi* j(undaf**r w which ! have myself seen shoot a tly off a loaf sev¬ 
eral inches above the surface of the river by moans of n small drop of 
water ford My expelled from h- mouth. 

Hy the Saknis each of the darts is carried in a separate reed, it turn I 
Mu So 50 of those reeds firing lashed together, rolled up into a bundle, 
and fitted into liu ornate Immboo quiver. The butt end* of the dart> 
lire frequently marked to distinguish the strength of the jxdsoir. 

The Seotan^ c|niveri ontnin.H fewer dart* flam I hat of the Sakai, and 
is without tmi bundle, rap. or rings; m fact, it is a mere mternode m 
joint of htunlioo which is only remarkable for the iicatity of the 
designs with winch it is decorated. Various cuinpoutiris of the two 
main [mboite lo which \ have referred are used hy the wild trihes, the 
ingredients varying uerunimg to the fam-y of the maker. Thus, 
venom from the fangs of serpents, centipede*. scorpions* stings, ote M 
is frequently added, Lhon^lt it is in no way really required. Fur¬ 
nished with those darts, imth Sakais and Semiuigs regularly bring 
down their quarry sit short distance* tip tonfauit MU patres* and have 
even fa-on known In kill I ird> ami monkeys on high trees at u dis- 
tam o of iVi> yards, dlie method of collecting and applying the coat of 
poison to the dart putnl in its simplest form is as follows: The 1>ark 
of the tree (when the tree poison is used} is slashed with a jungle 
knife in the shape of a lug V. The poisonous sn,p t which immediately 
collects at the apex of the V, is then drawn off Into a faimboo vessel 
And nirrmd borne. where it is either, a lien small i|iiaiilitii > are usedn, 
09 uniting the Scinung* of Kedah, merely heated and applied lo the 
dart point* nr prepared hy boiling until il sufficient consistency fa 
obtained Iti the former eu>o ir fa poured nut into a Immboo tray and 
applied ton broad woodrn spatula, which fa heated over a lire unlit 
it logins tip dry, when the punt of the dart is rolled upon the spatula, 
the dart I icing then deposited against n fallen tree trunk to dry in the 
sun in a nifo place. Among some Sakai and Jtikun tribes an elaborate 
kind of drying rack is used. which prevents the darts, which are very 
light, from being carried nway in a high wind while drying, 

HAntTATfom 

The most primitive forms of dwelling employed by the wild tribes 
are rock shelters (sometime* raves, but mum commonly natural shel¬ 
ters under overhanging rocks) and leaf shelter*, which ate sometimes 
formed on the ground, sometime* between the branches of tree-. I he 
simplest form of the^e leaf shelter* consist* of a single lug paint leaf, 
which is phiuted ia the ground to afford the wanderer some slight 
shelter for a single night The more elaborate leaf shelters, used 
specially by Saniimgs* sometimes take the form of a rude lean to. 
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consisting of three or four uprights {diluted ill (he ground at :ui single 
ofalmut SO to 7o , with palm leaves or bmndie* lasited horizontally 
across them, Other kinds consist of \nilm leaves planted so the 
ground in tlie fnnu of si swuildrole or circle, the leaves* which lire 
frequently about 0 feci long, drooping over toward ibe center, find 
thus forming a shelter of the circular or liechive type. The must 
developed form ha longcommunal leaf shelter in which aiEl the mem- 
berg of the iribfc reside. 

The Malay iziitg t: ri 1‘n-h who conn- more in u* enntuct with cji il bullion 
insensibly adopt the Malay type of hilt, bu t even here some striking 
dqmr tunes from I Ik- normal Malay type are to be seen, e. g., in the 
low or almost totally absent wide wnlla and in the projection of one 
aid7» of the gable over the other, ao as to allow the roof to remain 
o[>en sit the tup* Thfasc huts nre generally iHirricaded wills fsillen 
ti ees. 

The tree huts or “human lord nests," u> they have Imen calk'd, are 
built :lI a height of from : 2 o to Mo feet from (he ground, chirtlv as n 
men ns of escape from wild elephants. 

A1ITS \yu CRAFTS* 

J'lie cniftsiiuiiksbip uf these wild u-ibrs. though exLreijiely primitive, 
^excellent of ft> kind, find shows thikt they by no menus hick inge¬ 
nuity. 

The umnufailure of tho blowpipe, its ihrtaaud quiver, as already 
desct iiied, forms nn important industry of both Sernang and Sakai. 
The tree-bark doth of the wilder tribes is made by hanmieriag (with 
ii wooden mill let ) the bark of it big jungle tree culled Terup AArlaMrjHM 
ii species of wild breadfruit tree), the outer surface of which 

i* di>E re.. by scraping it. with a knife. The mullet is frequently 

improved by tmnsvrrse groovier teeth, which assist in the sepani- 
hna of the fillers. 

A nut less interesting type of doth is manufactured from the cuticle 
of the Upas tree (vhifiVm) itself, a tree which la-lungs, l l*s1Ievi% to 
the same order sis the Artotrarpus. In this ease a voting sapling (of 
tlie Opus tiee) is felled and a ring cut round the bark n few feet from 
ttic base. The bark b then scra|5od and pounded in situ with n 
i minded wooden mallet or dub fora apace of about a foot below the 
incision. Hie pounded part is then pulled away from the stem, sep- 
iitating at the |Mitnt where the hark meets the wood, sitad is turned 
down (not rolled) and skinned otf like a stork nig, the scraping suit] 
pounding being continued at intervals, sis required, nail eI all the bark 
is completely separated* 

regiinU other forms of industry, mat work, I ratal work, and 
nets mg, are all found milling these tribes* but uo kind of weaving or 
[lottery whatever. A liigh nrti*t ie sense is, however, shown (by the 
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S-nmii^ i mu lli^ knuiHful tmi\ fbiHv vxvviitod rieslgita iv \th 

which they dt-^amte their hlcyvpjpftftind i|iiivers, jhh 3 the magic com I ft 
Worn by rln* women. An Amusing exsiinple of the skill of the Jukims 
was furnished me in the form of a set piece* rujUT^niting the lih^- of 
thfi blowpipe* 

DllESiL 

The enmmom^t form uf doiliing worn by the men of nil ibe^o tril!tf fc s 
is the wadstdiitli nf tree lutrk* which conidst* of 11 long mtrrow strip of 
bnmmorvd burk. That of the women, on the other bund, in usually a 
sort of short prttinmt or wrapper or tin* same material. Hut the most 
interesting form of girdle worn by these rriljes U undouhtetlly one 
which is dutifully woven from the long, black* shining strings or 
cords called rhiftoiuoq>h*. which tire in reality the vegetative parts of 
a toadstool. (PI, 1,4.) 

Leaving tho question of girdles, there me .several other slight, but 
otherwise important items of attire worn In these tribes, such as ;irm 
I muds, neck luces, atid con i I o, Ann Imridu and even leg Imnds are fre¬ 
quently worn, apparently for (bo purpose of Imndagiiig mid so 
strength ruing the muscle's. They vary from a simple tin- of jungle 
fiber to metal rirdels or spiral*, whirh latter are usually obtained 
from the MsiInvs. 

The necklaces, which are wont chiefly by thi- women, it would 
appear niimdy for magical purposes, consist nt times of u> many !is 
nine string*. and are inMUjHtsed of such objects us monkeys’ teeth, 
tufts of hair from -.piinds' mils. I .Lick mat white I awls, weed* of jun¬ 
gle fruits, 'hells, etc. 

The combs, which lx>nr magical designs, mid me worn solely by 
women, ure of the kind wliieii I Ih< Sieve arc termed I nick combs in 
England, but which nre only worn to defend the wearer against poison 
nr sickness, To complete the picture, tattooing or rather scarification 
is practiced over a limited area among the wilder tribes of the interior, 
with face and liody jmlniLn^ {apparently os a substitute lor tattooing) 
in places where Malay iulhirncc has begun to enter. The usual pat¬ 
tern consists of four or live horizontal stripe* on the cheeks, with a 
sort of trident or pitchfork design tm, the forehead or eliin. For the 
stripes on the cheek* arc often substituted rows of black and white 
dots, supposed to represent wlmi arc called the spires, or perilous 
more comttlv the aori. of u fern. 'Hie tattooing is jjerformed by 
drawing the finely serrated edge of a sugar-cane leaf across the skin 
and rubbing into it powdered charcoal. 

In addition to tin* forgoing the septum uf the nose i* frequently 
(among the Sewung and Sakai only) pierced to admit the quill of "a 
pnreupine. Iwuc. or piece of stiek. or some other decorative object of 
the kind. 
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It would take too long to describe hi any ?mrl of detail the musical 
instruments of theae tribes. Suffice it to say thill they an? almost 
always made of liarnboo, some of tli+- mort primitive kinds of 

sjHH illI ethnographical interest, r iota My the laiimhoo Jews-burp and the 
tKweflute. One or two of these latter (PL I, fi) may he played as a time, 
the performer breathing into the mouth hole of the flute through the 
nostrils. This instrument is found Among tribes who do not use the 
1iIuwguu T m well as among those trills who do* but the aceomptish- 
ment should he mi easier one for the latter* L e lf the Sakais, to acquire, 
tmm the healthv development of the lungs with the blowpipe vgcr- 
eisr* Simpler forms of instruments are represented h\ a couple of 
sticks w hir'll are struck together, p e-oil uci tig u sound IIki- enstagnertes. 
aud (among the Semang) by big iiiternwles or 4 * joint* T " of Iminboo. 
which lire closed naturally by the node at the lower end and played 
by being lieatcii at tin 1 uptrend with a fan-shaped judm-leaf lanter* 

The uicjst important inurnment of the Jakuiis Is the drum* whieb is 
madr of a hollowed-our trunk of screw pine, headed with the dressed 
skins of mouse deer or monkeys. 

On fe-rive oeeasiotis. e. g,* for -bigmg and dancing, both sexes 
decorate the i person profusely with festoons of leaves* The .Sfikaia 
and rlakuns in addition wear upon the head a curious circlet made of 
strips of palm leaf (Iteunhi) in the form of a plait with long streams is 
so depending from it as partially to conceal the face of the darner. 
That of the woman has in addition a number of diort sticks on which 
are spitted fragrant heaves or flowers^ *m a principle of wbieh we seem 
to have the emi liter ]*urt in the design of some of our iters' coronets 
In thfl girdle* head-band, find festoon* jwhich are crossed ujutn Imck 
and breast) Are inserted hunches or bouquets of cunningly woven 
strips of palm-leaf representing nooses, eh;., which are slid lo Ih? 
intended to out nip evil spirits when they make assault upon the jh;i>oii 
of the dancer. 

Final Jy a >hoi t wand nr scepter i- carried, which takes at limes a 
mo-a peculiar shape. ix^einblmg a series of crescents arid doable axes. 

(PI. 1,54 

rnisTs aN n sonos. 


Iti former days al liar vest time the dakum* kept an annual festival, 
at whichj T hi- entire settlement having been called together, fermented 
liquor brewed from jungle fruits was drunk; and to the lueompiini- 
nieut of strains of their rude and incondite music, both sexes, crown- 
mg themselves w ith frugnuit leaves and flower^ indulged In limits of 
singing and dancing, which grow gradually wilder throughout the 
night, mid terminated in a st range- kind of sexual orgie. 

Ite ?ong> n Ideli wen? sting on thesis rtccHaioTts were sometimes 
meielv icNjHjgiapbical. hill more often the ihimie wa> a description of 
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si>11 it- one of the denizens or products of the jungle, Commencing by 
setting fttrih the attribute and habits of some particular wild minimi; 
or bird* they would proceed tn describe the incident of iU pursuit by 
men from their encampment* its death by a vennmcd shaft front the 
hlowgUtu the return of the successful huntsmen, and Lite impartial 
division of tin- spoil. It has often Swen .slid Unit these songs sire mere 
gibberish und have no con neetcd meaning. Whether they are so or 
not,, the following extracts will show. 

The first is one of the Setnang Snags which I look down in Kedah. 
Lt refers tu n kind of long-tailed monkey ewllctl "him" whose name 
forms the htmhn of the snug* 

■ b IIe mias utiiri]; t In* linmctunj tht* km, 

Currying frail with h l i li . ihf km r 
Jb- walks to and FrO| the km. 

Over the knotted ‘j^rayit 1 iixr, the km. 

Over the knotted 'rumhiiinn' im-. the kni. 

Over the live bamboo?, lire km. 
i h i-r the drtirl I ULtiilwNr', Eln* km. 

Over the ^iuul I bli i l L:« mf t tlir km, 

Uv hump* rii *w ii wnrtb% thy km n 

Ami run- idling the brami^bes, the km r 
Ik mn« Along ruvl In •> -o, the km, 

And jieem furwrurdu the km* 

Aeih>D|( Hie young raiidmiiiun, I hi- k m. 

Anil show* bin grinning ieeth, r1 1 >■ kra. 

From every HapUa^ ilio kni ,#l 

Here is one of the ilaktiii songs* which U one out of u mt of iIhuiT 
thirty dtUcrairtt ones which J look down in Snlniigpt: 

m 

ki ■ Impit-impit 1 i* ihe t ry of tin- rltinu-ewp 
The rhinoceros of lb* herd uni ling) to the iwlm 1 
He call** his comimfea hi s>.si k for food. 

He walks- I he fort*! and dlilnlb- the hilR 

Hi- wtflkrt alm^l w Wn the dyW fines* tm chi' iinmilv, 

W IijiI akalLfi H fur me In nwist Ehe rhcnpHvriw? 

I call my cotnnuicfr. lmt my romrack^ an- not there, 
t am terrified and rllvnh up into a tree, 

But the rhhiOComti WllilSUI On* Irw'n fool. 

I hn^ik off l! bow and throw ii down to him. 

The rimuHvmrf rhiiini* it, and [Hissei onward. 

I dhnb down lo ground again and run hock homewardM 
And climb into the hill, bill the rMnbceftw follows. 

I mke my gun and ishoet the ridtwwtiw. 

The hnl Jet 1 ms hit hind The rlunuceriH hit* fmlhiid 
I roast him next urn! eat up the rhiiiiji^n^ 

A nd gi vt‘ nf I he i i ieal a hit It* ii > t*ve lyoue* 

But the horn I M'|t In [lie ChtWse knagiuw." 

Other songs in nty collect ioifet describe the tiger, elephant. In-ar, 
crocodile. birds and lmti 7 lisli, various reptiles and fruit* A very 
pretty one is ahoul children bathing. 
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llnrmgfi* among all these tribes, is ?4iid tn fie lnuwd on purchase. 
Of the urinal ceremonies the most bite resting is the form of wedding 
riti* witfi 1 1 is usually described as the mitdicup eeremany. The brido- 
«rf(j<int i* required ro overtake the bride before whehaa run sewn times 
round the tint-heap, und in the event of Ins failing to do so the uiumuge 
hiLs to bo postponed for a futon- occasion. 

This is the ustiiil account given by people who hnYo nfrnrded it from 
hearsay. I was, however, on one occasion fortunate enough to lw 
present at one of these wedding, and I then discovered that the 
orthodox object round which the chafing took place was not really an 

ant heap, but a small strtl- 
HcinI mound. the muse of 
the confusion being the use 
of the Malay word lhiMit f 
h which iiiuy liear either 
^ meaning. The artificial 
"f mound (fig. '£) which was 
■ ify ns*, 'i I on this occasion was 
about 3f feet high with 
about the same diameter 
at the Um* Ite shape was 
that of a trimenLcd cone, 
surmounted by a small 
globe and knok It re¬ 
sembled not remotely a 
gigantic Ml anil bell km- 

Fen. I-Biaut f\T *r[Jfa-Lu1 rniYiinrl iA (*]*Jf nnEikil wliJijh tin s . . , , 

Ijflrlp !k*biwd tif 11^ IkrUlc^cmoib. lii -L mi*'. oh'. M WHS Uccoruteri With 

jungle (lowers* and the 
fbtkun chiefs assured me that this wn* ibe " genuine articled'and that 
it was the emblem of their religion, and I see no reason for doubting 
the statement. 

before i la- pursuit of the bride takes place the man or hie proxy is 
subjected to a .severe catechism by the woman's representatives, the 
questions asked being uf a most searching s lest: rip turn, e* g A : 

Can you fell trues? 

* k L'tm you climb for fruit f 

"i an von find turtles* eggs? 

' Are yon clever at using the blow|u|H>* and 

'"Can yim smoke cigarettes? 

I Ills last query doubt loos relates to the fact that the ceremony sontfr- 
Limesi conclude^ with the smoking of a cigarette jointly by bride and 
bridegroom. 

Among the Orang-Ltmt or sea gypsies the pursuit sometimes takes 
the form of a canoe race, in w bleb the woman is given a good start, and 
Eiiiist ln h overtaken by thr man Indore she hu* gone n certain distance* 
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FLNEHAL. 

At 1% Sakai or Jakim funeral the taxly of tlm <leveased is filing from 
Ji jade and carried to it distant sjiot in the Jungle- at least a tock ? .s 
emw from the merest house. Hfero it is wrapped in u new doth and 
Imried in a shallow trendu the clothes worn during the life of the 
deceased being burned in a tin- which is lighted near the grave* Tlie 
grave Indue tilled up, rice is -own upon it and watered, same herb* 
tn id young kmamis, etc., are planted round it bill of these being for 
tins deceased's soul to feed upon), and finally u small three-cornered 
hutch, not unlike a doll's linuse. fait raised on very high pouts, is 
erected near die foot of tbr grave for the soul to reside in. The soul’s 
home itself is about a foot and a half high. Is thatched with palm 
leaves, and provided w ith a ladder for tlic soul to climb up by* It 
contains in addition tlimiimlivc nnblisiiM of I Sin sev uf (bo doreused (in 
the ease of a man, lhr model of a hatchet and a jungle knife, etc,; in 
the rase of a woman, the model of u Imck basket or mdJet, Midi as is 
carried by the women of the tribe). as well a*n supply of bust m little 
rice and fish, etc.) for the deceased's soul to b ed upon, tohirco for it 
to smoke, and lictel leaf for H to chew. 

The Seoiong, im the other hand, practice a simple form of interment, 
a supply of food and drink being phnsed in the grave along with the 
body. There U, however, u tradition that they u*cd to devour their 
dead ami bury the Head only* and although this assertion is certainly 
untrue now, and probably always was so, it is mom Hum ptolmbb 1 
ttmt li ke their Hose kinsmen the Andamanese they limy once Itni r 1 been 
in the habit of disinterring the l«ines of llietr dead ft in I breaking them 
into short segments to string on to their necklaces, in which ease (be 
skull may have oner been worn, ns among the Andamanese* 21s 21 sort 
of pendant attached to the necklace. 

MALI HA 

The chiefs of the trilie were often, if not always, medicine men or 
magic ia ns, their janver in til is ie.siH.Tt being greatly feared by the 
Malays wW ladieii-d them to be capable of slaying (ttopiti at ml idimce 
by means of whnl are Hilled '* windings*which were small slivers of 
huulJOti apparently representing darts, which being placed on the 
palm of the hand would lit was thought), at the tuugieianV bidding, 
lly throng] 1 spare until they reached their intended victim, whom they 
would pierce tu the heart and kill even at a distance of two or three 
days* journey. 

The Buluh Perimlti or ** 1 ove and longing" liumboo was said to 
grow upon almost iriiuressjble mountain peaks. Slivers of thin plant 
were formerly obtained from the Jokuns by the members of Ms bn 
traveling theatrical troupes, who inserted them lie tween the teeth, 
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this being believed to vender the voire of the wee ter irrcsisiihlo. This 
custom. however. led* it was said. to such almscs that formerly in some 
pLirt> of the iM'iitnsnlii the posse&siazi of any portion of tint ‘"Bulidi 
PC-rindu v nils punished with tin- (h ath penalty. 

Ihc ehiiidnui or vhmgkiMi i> a small fragrant plant with minute 
inflorescence.-’’ (stimrfifties it is rltwrihol its a small white flve-peiJiled 
blossom) which is helii'VisI to Iw? one of the rarest and most fragrant 
(lowers in the world* 

The story goes that it formerly grew nudemeath a ledge of over¬ 
hanging rock On one of the cmgs of the l' I u Klang mountains. 
Although the exact spot inhere tE grew could !>e seen from the ledge* 
it wits nevertheless imierc^si IpU\ and il was said thut the wild limn w ho 
wanted it hinJ in ascend the mountain and there keep his fast possiblv 
for weeks or month* upon the summit of this ledge until u kite, which 
used the vbmduai as medicine for its young* should drop el piece in 
flying over him. Whatever may lie the hu ts, this particular charm 
is well known in connection with the Klang country, and i* alluded to 
in the local quatrain which sties. 4 "Sot not your fool upon the Kkug 
mountains; if you do you w ill suffer fmiu their charm*" 

Hoih Sennmg mid Haihiu are gma adept* nt the exorcism of demons; 
and on ono i*.-elision 1 saw mi apparently wonderful cure effected by 
this simple means, the patient I wing a woman belonging to one of ihe 
h il pc^ of Semang* in Kedah. Wi> were all sitting and talking quietly 
in the long roruluiirial leaf-shelter ill which the tribe livedo when one 
of the women, who suffered nt intervals from ugunmiig pains in tin- 
limbs, was m-iMfl with a sudden paroxysm (which made her scream 
with palm and presently leaped to her fret and llerl into I lie jungle. 
The remainder of her coiiiLKmioiiH, w ho declared that she had gone 
into the jungle to die I here* slipped out one by one after her, and J 
decide! I to follow I hem to whether any tiling could la? dune. When 
I arrived I found the woman seated on the ground, while the chief, 
in his cupneilY of medicine mini to the tribe, was digging away for 
dear life with a pointed stick in try m& unearth the stump of a small 
sapling which grew near the spot. This he presently suiveeded in 
doing, and *m eximiiiiiiig the root found what he pronounced to be 
clenr evidence of Ehe demon's recent presence in the curious pirn-lung 
in of part of the root. He next took carlh out of the hole mid rubbed 
it over the patient's stomach and hark, muttering charm* els he did so, 
in order to induce the dim on to return to the spot whence he had conic, 
in h few minutes the woman begun to get l*elter, but "is tile demons 
were not. yet quite done with, the chief proceeded to dig up the stump 
of another tree, this time a creeper* whose root proved in shape- to bear 
some r&Hcmhlanrc to a uiimdnikc. lie 11 m 1 1 1 ne|jcatod the former pro- 
coks t and chanted ids im-nnlutiour: more vigoiouslv than ever* m the 
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conclusion of which t wo of the m«n of the trite who assisted hint burled 
away into dm jungle the steins of two sapling* which had boen lying' 
near the spot* in order, they said* to get rid of the deuum's present. 
By thin time the woman had ceased her liiiimptaliniis. and in about ton 
minutes’ time was pronounced cured, after which she i|iiiefcly returned 
to the encampment as if nothing hud happened* 

The whole performance was an excellent example of sympathetic 
maglc or make -1 idle ve. 

The Jiiont remarkable development, however, of the wild magician's 
alleged powers m connected with the "tiger man" beliefs which are 
analogous to former Kur^peun ideas siIkjiiI werewoHm Our of the 
Scmaisg men whom Mr. foiidltiw ami 1 met at Clu A ring. In Keliminu. 
had the reputation of being a notorious tiger man. or iVlinn.and gave 
me some interesting information atent the performance. “Von go/’hr 
said***u long way into the jungle" (usually. he added, into the next val¬ 
ley), 4t and there, w hen you are ipute alone, yon squat down upon your 
haunches* burn incense, and. milking a trumpet of your bund* blow 
some of she smoke of the inrcn*r through it* at the level of your face* 
m three directions. You then repent this proven, holding your hand 
close to the ground; all yuti now have to say is, ‘Ye chop ("I am going 
abroad"), and presently your nkiu will change, the stripes will appear* 
your tail will fall down, and you will become a tiger. When you w ish 
to return *&\\ "TO wet/ ("1 am going borne')* and you will presently 
return to your natural form/* it sounds easy enough, and the only 
wonder was that one so seldom heard in tlmt part of the world of the 
disappmnuu'O of an obnoxious rival or n scolding wife. 

The mosi in teres ling pint about this ceremony, however* \* iU 
apparent universality, for it is found, mutatis mutandis* in nil parts of 
the globe. In pissing, it may he noted that n. small variety of ripping 
knife (S vimfow)* shaped like a tigerV rlnw.niict fitted with n hole in the 
haft to pass the linger through. Is well known and used to this day 
both in the Malay lVninsula and Sutnat.ni, hi both of which countries 
the wen-tiger belief Is ill held strongly, 

EELttttiJK, 

The religion of the wild tribes is a form of shamanism such us 
prevails in other parts of southeast Ansia* They believe in certain 
greater spirits, who may primps* when we have found out nil about 
I hem* prove t> ■ te.a sorl of gods in the making, lhit they have* of 
course* nothing which exactly corresponds to our own idea of tiod* 
ami the evidence on this subject is more than usually conflicting* owing 
to the extreme reticence and timidity of these wild men themselves* of 
whom it. would te but littleexaggeration to say that they were as wild 
a.* doer. Most of them telieve that the soul shortly after death j>ro- 
cendai to it called the Islam! of Fruits (the jungle mini's idea of 
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« paradise), which they not imfrerjaentlj identify with tin* moon. To 
reach this island they sire compelled to crews a ladling lake resembling 
a copper, by means of a narrow bridge formed «>f n fallen tree trunk, 
and the souls of the wicked, failing to accomplish this in safety, fall 
ulT the log into the lake, where they swim about desperately for (hire 
long years, etutchmg at the smooth aides of the lake, after which tin- 
chief of the Island of Fruit Trees, if lie so thinks tit, contemptuously 
lets down to them one nf his feet so that they may catch hold of his 
great toe, hi which undignified fashion they are at length permitted to 
cseujw from purgatory and to enter paradise. 


THE TYCMIKS OF THE GREAT CONGO FOKKSIV 


15y Sir Hakhy IJ, <1, <M. 41. 


(Ici. Lbi’ JTrrt*>Hii tlw ([ivflt lAaup* fnpH h*vc ilEM^iVi-nnl iwi> jriln-M nf itwufi, On-mint luck 

III Eh^lr il^trlrtjiEiHilU In 1111 JtiH IT EOPTIO Ol ft|| HiF PrtVflHh u| Um JJ*rk i VlltfcttflEH, Till? 

lnJIr-vi-inff flrtlHi’ \* nti n^rrtiail nl tllrfr im-lf* ul llEft ttml ■ftfn.vh, liJTrthi'r 1*1 1 h Kmif 

vttPiEli- su4-uri>1 h'i' 1 lifc-Hirih-^ ill t(tdrdm,VttiL rfirtn I In: |-ETbIrtortf ififuthifk tif Affirm. Irons A»Ib.| 

THK INUJ KNfK m* \ UMUT FOHKtfT ilN TUB EVOLUTION OF MAN. 

The great Congo forest of wctft-cenlnil Africa must midouhicdly 
t>e regarded as n very important factor in the [w*t history nf Africa. 
By “histoTT** I do not mean the record of tunics doing* only, or of 
the progress of the civilized nice* of men, whose adventure* chroni¬ 
cled by writing have narrowed the use of the word to records of tin- 
progress! of humanity during, let us say, seven rhousuiul years, a mere 
half minute in the hour of mail's tmateuri\ Fur nut only in the 
"prehistoric" movements of man, but also in the preceding migra¬ 
tions of great beasts and anthropoid apes itns I his might! forest 
checked and deflected the distribution df speehw or received into its 
bosom hunted, defenseless forms, which have thus been enabled r:is in 
the ca.se of the Okapi) to linger on info the present day. 

Before, therefore, I proceed further with my description of remark¬ 
able negro types which arc to be found on the eastern limits of this 
forested region, it may lie well if I define clearly the area of forested 
Africa at the present day- Roughly speaking, the whole basin of the 
Congo, the enormoiia arm i>£ relatively low-lying laud (once posaihly 
the site of inland seas or of an efttensimi of the ocean). is u region of 
dense forest. On the southwest the forest stretches, with here and 
there a break, over to the upper waters of the Zambesi River, and on 
the northeast H overlaps the Nile watershed, the southwestern fringe of 
which is covered with forest that spreads uninterruptedly from the 
Congo, In countries to the cost, and even here and there near the 
littoral of the Indian Ocean, patches of primeval forest exist which 
scarcely differ firan that of the Congo* li is possible, therefore, that 

if Reprinted by peruiwRi'iri cf Sir Harry II Johnston mid die iHiblinJuTp from 
McClure s Mkipixiiu 1 , FcUrriurv* jiioditied, by iwmiWfon o( tfiu author, lny 

ptini^mpli^ frnni Volume M otTbe Ognofil* Pnrterlorate, by Fir Hurry H Johnston. 
New York: Thudd, Mi^l ^ Cu h , \'.XY2. 
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I tat* whole uf -Africa south of the northern tropic may onev km- limi 
■me continuous primeval forest. 

Certain regions, Iiowevcr, on tin- north amt smith and. above aiJ in 
the eastern half of the continent, proved less capable. from conditions 
of soil or moisture, to support this growth of vegetaliiec In these 
regions the gr(Mit mammals that invaded Africa during the Pliocene 
epochs through southern Asia, and Arabia, found les> resishinoc to 

their progress arid conditions, such ns the 
growth of grass'.^ mure favorable to the 
development of herbivore#; while of course 
the great carnivorous an in mis could exist 
only where the big vegetarian beasts would 
thrive- The mighty forests still existed/ 
however—existed possibly with small inter¬ 
ruptions- right across the i^ntimiU from 
West to cast. They therefore received into 
their safe n-eesses the anthropoid ape- and 
the more timid and defenseless mammals of 

Al'C-LSki MiaknEilij. KLiIrkMi nkflL i ■ 1 J I v xl 

large size* which in the more open country 
would have been eompietely cxterniiunfed. The anthropoid upfcs bod 
no doubt iaeen driven away from western Asia and southern Europe 
by their successful muipecr and odshoof, man* who ■‘ai.it have tn-en the 
only SH-riiius enemy of these ancestors of the gorilla, vldiap&iH&ec, :inc] 
orangubm* 

Some long while after the seared ehimjXUizecH and gorilla* had found 
a secure refuge in the dense woods of West Central Africa this earli¬ 
est types of humanity who bad entered the 
Park Continent were also pushed toward 
this gloomy forest by the inroads of so perinr 
tribes, imd some of their descendants exist 
there at the present day. 


THE ANCESTORS OF THI AFE-MKK MKN, 


It. may la- assumed as the most prokihlo 
of nil the theories, on the subject that the 
human type emerged from the ape some¬ 
where in Asia, possibly in Southern Asia* m* ia<t mi*-. Mccmm.t., y*]v>w- 
iuasiiuirh jis the real missing link, Pithe 


lii nthcojncs erectu>, ha> discovered fossil in -hivsi* In any ease 

early man Appear* to have had an inimensi 1 development in and around 
the I eh Zijiii I Vmristdfl, and possibly there or thereabout-.- dcivelofwal (he 
three main lyja-s which he exhibits the present day the Mongolian, 
the rimeasiuu. und the negro. The pressure of superior raves drove 
the negro type# out nf Southern Asia eastward to the Andamans. 
Abdneni, Sew Guinea* the Pneitic Islands* and Tasmania, and westward 
across I >:tluelsisUno Mesopotamia and Arabia to Africa. # * * 
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ape - like ni'srvt^A 

They wore 
Grogan ;lil> L 


Summing up the experiences of mucty African travelers* together 
with my own observations* f thouli! venture to^iiy that there i&n prog¬ 
nathous WUing-browed* abort-legged, tong-armcd ^ajH i 4ifce JT type 
of !iegn>, dwelling in pariah tribes nr cropping upas reversionary 
individuals In :* b-tter-ldoking people, to In? 
met with nil down l V him I Africa, from the 
Bahr-al-lihu&nl to t h^' upper waters of the 
Zambezi and westward from Hie Mount 
Elgon and British East Africa to Bortugiieso 
Guinea* S have serai during my exjM^riccice 
in Briti.-di Ceutmt A fl ieu very prognathous 

the regions 
w-iUeraliccL 
* vi ru van a, Mess rs. 
thts ntufingiQ 

^iiniiui tyjie Mwwn Luke Kivu and Luko 
Albert Edward, on the eastern edge of the Congo forest. K min ing 
nothing at the time of their observations in this res|M-rt. L was uuudi 
struck on entering the countries west of Kuwenj^ciri ut the ape-like 
upprumiirc of some of tin* nrgmes whom I encoun¬ 
tered* These were oatcnBibly members of the 
Bakonjonr Raamhu bribes on the western flanks of 
that smiwy range* or they were puitilis dwelling 
by themselves on ibe fringe of the great Congo 
forest, wetrt of the Semliki Kiver- This ajjedike 
type was generally known to the surrounding 
negroes as ^Bdtuinde.* Whenever I riiroiiiit&ml 
u raither brutldi individual in this part cif rise 
country, ho always turned out to (m n Mumiude, 
hist I sim not able to say that Howe was any deli¬ 
mit ajhlike tribe known as ” Burwmile." ihi the 
contrary, whilst here mid them prognHtbuu*diort- 
leggod individuals insisted hi separate roiiiuiutu- 
tirs in a pariah dike condition, very often they 
might he the offspring of Ikkonjo, ftubine 
lkmmba, Lcudu, ur Ikuiibuhn people^ who, in 
their ordinary t\]H\ were decidedly nut simian, 
but who may have mingled in tinier past with the 
lowest stratum of the aWiginal population, with 
the result that the apedike still cropped up hy 
oriraipnal reversion.. I should also observe that 


ShrirL-li'jTiiiU ly|4Cil newru 
limn Ssmfkklfatr -11 II uh- 
vainiuiit i 


similar pmjpiatlions, lung upper dipped, short-legged negroc* reap¬ 
pear. though in n less marked form, among the Bantu people on the 
western slopes of Mount Elgon, in the dense forests clothing tin 1 
flunk* of ilmL huge extinct vu-h-uno. 4 * * 
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Si - far I have given the result of n general un|iros*iuii oh I ho eye of 
vnrnn^ frtu i l«-r> when I have spoken of l hose negroes eil the forested 
regions and Ijorder lands of the Uganda Protectorate 1 k-iiiit " ape-like/' 
IUie ] should state that the skulls examined, the photographs nf the 
physical appearance studied, the meaxiireiEionts of head fend body 
analyzed do not enable scicutide untlLto|a>logn»ts to indorse t he term 
“ apelike ” which has In on used by myself and others to desc ribe tin s*s 
negroes of deg railed srspecL They oiler siiffi oh-nt general resemldancG 
to rh*- foresi Pygmy type to be chis.-ed with them, perhaps iri a group 
which f have styled (forwent of a letter iimiie) the *' PygmrPrc^- 
iiathoiis/* * * * The resemblance Iw* tween the pygmies and these 

HamiEide would appear to be ostoologietd. Outwardly there is no 
-pi-ehi! likeness Ik-Lwwei the two groups* Further evidence may show 
that Eke a|H v -like type may crop tip in any negro nice* whereas there 
can be do doubt 1 lint the forest pygmies are si well-marked and distinct 


type of negro. 

Kvon before the negro quitted Arabia to invade and oceupv the 
greater purl of Africa he may have developed n pygmy ty|K% or have 
had n teiideuev So gene nftte wm of stunted stature. HenuuiLs which 
have been found in Sicily * In Sardinia, in Liguria, and the'By renews 
including u curious little statuette fashiooed by men of the Stone Age 
discovered in the lust named locality, hint at the possibility of men of 


this pvgmv negro type having spread over part of Euro]* 1 . It bus 
been eveil suggest ed b] more than one anthropologist oJ auih.iriii ihat 
]( i.Livurf-negrpid nice may have at one time evicted iu imrthern Europe, 
and bv an exaggeration in legend an■ l "tnrv of their pi-culinr Imbib 
hahil^ strangely recalling the chanicteristio of the lit lie dwarf la-opl e 
of the Congo of the present day have given rise to the stones of 
kobolds* elves, sprites, gnomes, and fairies. Like some of the Bush- 
nun ivvhu lire* however, an independent dei elopmoDt or hci unlisted 
type nf m grn) who inhabited South Africa when it was lir-t discov¬ 
ered by I%uro|>ean^ anti who '.till exist in the southwestern part of 
Tbut miitinenL like the European i snet Asiatic lace- of the early Slone 
Age, tlir-n negro dwarfs in bleak or poorly forraded regions tin doubt 
tired in caves ami holes k and the rapid manner tn which they disap¬ 
peared into these holes* together with their hut Klondike udruitiiCsS 
jp making themselves mvHdde in squatting immobility n fiu-ulty 
remarkably present in the existing dwarfs of the Congo forest gave 
rise to Elie indief in the Gxrslonce of creatures allied to man who 
■ nil Id assume at will in visibility Plaits In the character of I he Congo 
dwarfs of tile present rL\ recall irresistibly the tracks of Puck, of 
Hof an fiood follow, of the gnomes and fames of Gorman and Celtic 
tradition^ 1 * * 

These people m e not ileliint+dy organized iuioa tribe,. hut fating about 
the fringe uf uthei lummumtu^ I'hcv the Languages in' dm- 
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l,vts of the betterdooking people who an- nearest to them- Some of 
then! ape like men have skin* of & dirty yellowish brown* I'he head 
biir U Murk uiid thick. Bmni, nmslaehe, und whisker* si re f nifty it bun - 
ilant. Tin' eyes are deep set mid Hie overhung brow ridge is extremely 
marked. The upper lip ts lung, nml neither of the lips is ><■ tnueh 
everted a* iiL the ordinary nvgm* The ImkIv is covered nearly id I over 
|j V iiiu- veHow ish down, not apparent at :my goal dbfcunre, hut teiiid- 
bg to accentuate the yellow appeamnee of the skin* Thera i* great 
prognnl hisuu and the ehin Is weak Uutl retreating. They appear to lie 
nither stupid, timid, and unintelligent. They live in very rude hab¬ 
itations lpT lmiiglismid leaves ami spend their tin.hh-Mv hunting mid 

trapping simill mammals. They also liven goad deft! on honey mid 
lieu grubs* ll would seem, however, on the western think* of Kuwcu 
znri and in the forests northwest of the Sendiki River iu* I hough 
superior nice* had occupied the vmmln niie<t given over to ih«mipc 
like tv pi' mid had mixed with this inferior people, so that (he upe like 
physiognomy may crop out again and again in nice* whose aveiuge 
muni H-rs exhibit a higher type of feature and figure. 

Tin: lUl-Sf KMiANO o>‘ THE I’YtiMIKs liP II EHol kvLT>. 

Tin- i. 1111 go forest ftbo shelters within its iwesse* at tin- present day 
those i-Lirnius pvgmv negroes w ho appear to he mm nee toil distantly 
with the Bushmen of South Africa. These pygmies were, in till pride 
ability, well known to the ancient Egyptians, Traders mid slave 
traders who journeyed up the Nile from Egypt in ailment days, und 
who brought biu:k mrious beast.- from the Mark man* cutiulrv* aUo 
returned with sp^imms of these tittle dwarfs. The pv^imt^ also aie 
w rittenabout by H on» loins, as everybody know*. The ^ctabte ' with 
whom they fought Were probably the ostia lies of the Sudan. IVl- 
sistent stories have been ri mi In ted from inne to tun^of the exisiencc 
of pvgniv luces or pygmy types in the forests of the Albs Mountain* 
in north wed Africa. Stdl more rennu ktihle. fossil remain* in Sicily, 
S:ndiiiiu 1 mil llie Pyrenees would -eem to tnd irate the exi>!eme m 
Meriitemmctm Europe at one time of it iireido l\\w< mid a uidestat- 
nelTf found in till' Pyrenees, and attributed to l.he Stone Age, would 
'ecm to -how 1 1 ml these pygmies lingered on long after the invasion 
of the country by superior me&& * * * 

The Ittib pygmies of the Congo forest do not tbem-ehr* t ultivate 
m till the sod, but live mainly on the flesh of beasts, birds ami u B p 
tiles, un white ants, bee giiths mid larva? of certain burrowing * Hectics* 
Nevertheless l bey lire loud of ' mint mas and to -.di*rA their bunkering 
for this swviU I runt they will come .it night and rub the plantation* ol 
their me. Mink agiirnltund neighbor-. ll the »oldiery s- taken in 
jrood part, nr ll gifts m the shape of ripe Amarus ate Said out Mi a 
hkeh -1 h >E foi the pyL r tiiv visitor w tin cmucs sJJciUly m the darkness 
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nr dawn, the little man will show himadf grateful and will leave 
behind him some night u return present of meat* or ho will In* found 
Lo have eleurcd ttn- plantation "f words, t • - have sot traps, to have 
driven off &j>p> + liabooiiSj or elephants while his fnends nod hosts 
won- sleeping. Children, however, might 1 h? lured away from time 
to time to fellow the dwarfs* nml even mingle with their trilie, like 
the children or men and women earrietl off by the fairies. On the 
other hand, it is sometimes rotated that when the negro mother Jiivnko 
in the morning her Ixmny * big, black child had diaapjjetipcd and its 

pb .had liem taken by n frail, yellow, wrinkled jiygtny infant, the 

changeling of our storks Anyone who bis seen ii* much of central 
Africans 1 have and ha.- noted their merry, impish ways, their little 
sunoh, their Utile dances* their mfechiovou* pranks, unseen* spiteful 
yengeanee, quick gratitude, and prompt return for kindness euu not 
hut I hv struck by their singular roreinblftncp in character to the elves 
itud gnomes and sprites of our nursery stories. At the sum* time we 
must he on our guard against reektesc* theorizing, ami it iituy be too 
i mtoll to assume I hat thr negro aperies over inhabited Europe in Spite 
of l ho resemblance between the stone implements of paleolithic man 
mid those of the modem Tasman Sana, and theTkamanhms wem negroid 
if not negro. PaleoUthie man in Europe may have Ikih^ii more like 
the Vcddoh, the Australian, the Dmvidian* the Ainu than the Push 
mini or Congo pygmy* Undoubtedly (to my thinking) most *■ fairy " 
mv ths arose from the eoutempltitioii of the inystorioushahife of dwarf 
troghnlvle races lingering on still in the crannies, raver foi’este, 
and mountains of Europe after the invasion of neolithic matt. Hut 
we must nut too widely less m nc that these extinct pygnij races mere 
negroes. They might well have been the dwarfed descendants of 
earlier and less definite human specie^ they may have hoes primitive 
Mongols or Eskimos, All the three species or suljspecies* of Ifamt* 
have developed separately,. repeatedly, and concurrently dwarf and 
giant races. Tall people* have arisen indi-|S»mlrntly one after the 
other in Patagonia* in equatorial Africa, in north Africa* Syvia* north¬ 
ern Europe, and Polyxtesui* St tinted races hove bn evol ved in 
several part* of Africa* in Scandinavia* Japan, the \mbnmri mid 
Philippine iircliiltclogoe-* or among the Eskimos 
I an i not inclined now to advocate I he theory ilia t the Congo pyg¬ 
mies of equatorial Africa are riere^irily coiineeted in origin with the 
South African Push man, Some Bushmen trilw\s in southwest Africa* 
where better food conditions prevail* am snuvely dwarfs. The Bush¬ 
men and Hottentots lire obviously closely interrelated in physical 
structure, but lean see no physical features (other than dwaritehoe-ss) 
which lire obviously peculiar to both Bushmen and Uoiigo pygmies. 
On th'- L-imtmry, in the large and often prutiiburent eycK the hmnd, 
flat nose with il- exaggerated ahn\ lhe long iipoer Lip and but slight 
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degree of eversion of the inner mucous surface of the lips the 
aluiiuliim hair nu head 21 rid body. relative absence of wrinkles, of 
stentopygy* siiiit of high, protruding rhfeck Inmes the Congo dwarf 
differs LLiitLkrilly from ihr I lolientnl Bushman tj\ pe* h is true thiLt 
some of sin- Congo pygmies intercalate their speech with finical gasps 
in place of jgutl unit consonants, Lei t HiL defect In pronunciation licril 
not mihm airily contain any reiiinuscenvo of the Bushman dock, TherG 
is one language spoken in ch| linlorial Africa (in thetiermnn 

sphere) which Isas the eltek> the S:itiEhiw i. Hut this, though il may 
lir a relie of extremely ancient days, when the umostors of the Jln-t- 
t-ctifcoto were dwelling in east Africa* is not ill the present time ^hokeii 
hv a people offering marked physical resemblances to the Cotogo 
pyguiv or to the south African. IIottCTitot, 

in shurl.it would seem to the pre-cut writer that then- is ni present 
m» evidence of uny more n littionyhip tatwGen the forest pygmir* of 
equatorial Africa, mid the desert py gillie- of southwestern A trim than 
the flirt that bath sire early hrunehcsof Hie negro stem which pmM> 1 y 
tliverged gituultofi windy at a remote period from the Ethiopian stock 
sharing si few r similar features in common - the one to hide m the 
forest- In-tween the Sahara and the ftmiheri watershed, mnl the other 
to range over the prairies, steppes, and diverts of eastern and southern 
Africa. IV chaps the forest pygmies of in day li r«- more nearly allied 
to I lie west African Bantu and Kile negroes than they are to the Bu-h- 
niais-llottentot group, which Iasi is si section of the negro subspecies 
some what deafly marked oil and separated from other negro races. 

Many centuries ago these stunted little negroes—of yellowish *kin 
and somewhsit hairy txaii^ of large heads, arid of noses not only flat 
lait with Hm wings much developed* and rising m high sis tin- central 
cartilage of the nose must have been the principal i nimbi (mils of the 
Uganda Protectorate, sharing these wide and varied territories of 
forest* swamp* fdeppu, and park land with the prognathous type above 
deseritn'd, At the present day t however, the number of sietuul typical 
pygmies existing it 3 the Uganda PrtiteCfcornle i- very Blind], and (heir 
range is probably confined to a Mt of fnresi lying to tin- east and 
west of the Semliki Hiver, and perhaps to the dense woods on the 
southeast chores of the Albert Edward Lake, They are much more 
abundant in the Congo Free State. in wtmse forests they exist in a 
more or less mutilated type southward to the verge of Angola, and 
no Ml: i and northwest to tie- vicinity of ihr Harh-nl-t ihnsml and the 
(rennan Cameroon.-- This pygmy type is also found within the terri¬ 
tory of the tb*rma n t !t11ni 1 roims* and intile in terior id F1 v ne! 1 { Vmgo 
and Gtibomn It may even he found still to exist in the very remote 
purls of British Nigeria. 

lUv-irf negro mce*. jmssiMv related to liiet 'on go pygmies, are found 
m the vicinity of Luke Stephanie, in northeastern Africa, while the 
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dwarf type makes it* appearance hare and ihcre in the eastern jiiirt of 
the Kingdom uf I Vfiuub (in (lif forests of Kiagivn), in the nomad of 
lit.' Andorohu (n peoptoof hunter* which, in half-servile connection 
vidi the Miwti, wanders over the greeter part of eastern Africa 
between the Victor!* Nyunaa and the vicinity of the Indian Omin). 
mid amongst the people on the west end north of Mount Elgon.' 1 No 
dim hi, as Africa lieeumrsmore closely examined. the Pygmy type limy 
lie found to crop up dec where, cither living as a separate ]ieop]i? or 
reu PJM art ft g as n re versaotmiy tv ] w in t ri I ms i >f n ti >re tv pun I rieg n i appear¬ 
ance, who in t fanes pu>t haveabsorbed antecedent dwarf races- e # 

AS lllsTOHfi -At. EXPLANATION OF THE 1 8 NOSIKS ASP DWARFS OK FOLK- 

mwe. 

Other dwarf races of immunity, belonging to the while or the Mon¬ 
golian sjH'ctcs, nmy have inhabited northern Europe in ancient times, 
or it is just jsjvssBdc that this typo of pygmy negro which survives 
to-day in l lie recCKses uf inner Africa may even have overspread Europe 
in remote times. If it did, then the conclusion is irresistible that it 
gave rise to most of the myths mid beliefs connected with gnomes, 
knhoids, mill fairies. Thu demeanor and actions uf the little (Viiigo 
dwarfs at the present day remind one over and over again of the traits 
attributed to the brownies and goblins of our fairy stories. Their 
remarkable power of becoming' In visible by admit hiding in herbage 
mul lmhind rocks, their pi-olwdde habits in sterile or open countries of 
n ink in,' their homes in holes and caverns, their mischievousness and 
their prankish good nature, all seem to suggest that it was some race 
like this which Inspired most of the stories of Teuton and Celt regard¬ 
ing a dwarfish people of iplHid-supernatural attributes, The dwarfs uf 
tin, Congo forest can be good Or hid neighbors to the log black people 
nee ording to the treatment they receive. If tlieir elfish deproi bit ions 
oil the humtiift groves or their occasional thefts of tolweco or maize tire 
condoned, or even if they are conciliated by small gifts of such food 
left exposed where it can lie easily taken, they will in return leave 
held ad tliein in their nightly visitations gifts uf meats and products of 
the chase, such ass kins or ivory, ! have 1 icon informed hv some, of 
the forest negroes that the dwarfs will ncetwitmally steal their children, 
nnd put in tbetr places pygmy babies of apedike npiwnram* , lmnge- 
lings- in fact— bringing up the children they have stolen in the dwarf 
tribe. These collections of pygmies, which one tan scarcely call tribes, 
certainly exhibit from time to time individuals of ordinary stature, and 
with feature* not strongly resembling those of the pygmy type. 

"Tlif n-s.-niMElmv ,,f the ilwarf tyjw* in Wift Klzon to the Congo pygmies in 
iiii.jte-rtieiuilil,-; 1ml l niw unt ntq; that the dwarf element it, flic Hobini northeast 
Africa and the An,lor>A»> is not of Bneliimui idumcteriatics. 
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TWO TTFIW OK DWAlOBp 

The Congo pygmies appear to 1>e divisible into twnt y}h% ncrordiijg 
to iitv own idwervsitiun^iMid to those of (impeding traveler*- -otic with 
u reddish or yclloTrish-Ijruwn akin aiul a tendency to red in tie head 
hair* si ml Lhoot&irn black skinned type withentirely black I tend hidr. 
Hi> jhp^sibb that the original lv]ie of dwarf bin!* dirty brown *km, 
LLTH E :i temhm V to red ImtU in Cius Italy ntid I lend lliiir, and that tills 
type mi ngtcdanciently withtheiind trite negro invader* of the forest 
apeople with decidedly black skim* and produced a Mark tvjw of 
dw ii rf, which now seen is to exist con jointly with the mi or yellow 
pygmy: tliafc is to say, in I he samo 
family of pygmies there may Im> 
both types, In stature, perhaps 
the black type Iends to be slightly 
taller tlum the other. The tallest 
specimen of pygmy inon±mred by tne 
or by my a*wi*lHtrts was id suit o 
feet in height: hut the average alti¬ 
tude for men wan -I foot 7 inches* 
mid for women 4 fret m i inches* 

Si'vend ipf the men measured by 
me were only 4 feet 2 inches in 
height. One adult woman was just 
under 4 feet* There nn* two fea¬ 
ture* which markedly disi itigaiisb 
these dwarfs from other negroes — 
the shape of the nose and the long 
upper lip. The nosa has a very low 
bridge* and is exceedingly broad. 

The upper lip, Insides liolng long 
and prognathous, is not so much 
everted n> in the ordinary negro* 

The chin is very weak and remling. 

The neck is short* and the head 
is sunk nit liar between the shoul 
drrs T though not so markedly m in 
the api dike tyjxis referred to In the lirst purtuf thtfe article. The legs 
are short in proportion to the fnidy, though they are usually sturdy 
little limlK The feet are mi her large, and iinieb inclined to turn ill, 
w ith the big toes pointing inward when they lire brought together in a 
standing attitude. Hair on the face is present in many of the dwarfs. 
Stone ipf thi> dwarfs have distinctly long Ix-n ids* hut I have myself seen 
only one with a beard of b inches in length. Belgians and Arabs who 
have traveled thtough the Congo forests Slave, however, assured me 
thill they have met dwarfs at times who jM>^ses^ed Inwards of cuusidcr- 
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able length. The hair on the Ixkly I* really of two kind-*. I here is t 
first* in many of lb* dwarf* men smd women a survival in tin 1 adult 
of that hair which appears lit the fetus iti all human mere, n soft 
browniah town. lu uddifhm to this survival or prehuman hair, tho 
dwarfs very often markedly. 11 development of hah that is 

peculiarly us^tociutcd wills the human spates — iimiudy* a fairly thick 
growth over the chest and sLoumidi, in the mmptLs, and in tin* pubic 
region; also on the anus and legs. It is on the uniter parts of the 
body, curiously enough, that ajws and monkeys tend ton deermse of 
hair. It is there fori' sotnewhui curious that where body hair most 
frtHjuently appear* in the human rm% it should In* so often on the 
under stir of the I jody, where (especially in the slightly stooping atti¬ 
tude which early mini assumed) the hair is of less protection to the 
skin from ihe ruin thmi if it grow on tin- buck. In the pygmies this 
In i n i an ImkIv hair on the el test and stomach is black or Idarkish brown, 
and curly, like the hair id the head. 

The dwarfs seldom wear anything in the way of ornament, and go 
about in their forret* quite naked; bill when in contact with negroes 
who wear a certain amount, of clothing, lhi- dwarfs will put <in an apron 
uf leaves or hark cloth si il Beirut lo serve I In- purposes of dreom-y. 
Their cars are not pierced. The only aesthetic adornment winch they 
appear to sic lop l is tile piercing of two holes in the upper lip. i lids 
tun lie dearie >epn in the head and bust of a dwarf woman.) Iniu the 
punctures they insert Bowers. Ivetlu nr [ton npine ijtiiH*. 

now THEY JJYK IN THE KiiltKST, 

The dwarfs are excessively >hy in She forest., and are only visiled 
with the greatest diUhoUy, They usually >cem at ibe present day to 
attach shemsi'lvev. in their k immunities in the outskirts of the tribes 
of big negroes, with whom they usually enter into, friendly relations* 
Fora white a urn to see iliem in their honied it requires that one of 
these big negroes who Is m friendly relatione with the pygmies should 
go out into the forest and cal I to them loudly and repeatedly before a 
pygmy has sufficient confidence to show himself* Once their etmfi- 
deuce is gained they will, nodonld t come in numliertf. Even then it 
is extremely difficult to ntuke inquiries of them concerning their life 
and customs. 

The Congo pygmies keep no domestic animal*, and dn not pnuiice 
agriculture- They live entirely by hunting, and cat the flesh of mon¬ 
keys, of almost all other beasts, and birds, which they capture in their 
or shoot with their arrows, and they also feed on certain grub*, 
on honey , and on the bee grubs found in the honeycomb. They range 
the forest* far mid wide, indifferent whether they lose iheir way nr 
not, since they sleep and feed, hi the ferret* and are in a sense always 
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at home* Stnmiingly t hey havaonty known ihetiseof unial (iron) by 
their oniitiu a l with negroes of an pern ir nu^ Before this* vmitfirt tin-* v 
st-t-in to have used w&npona and implements of wood, possibly algo of 
stoup. Even id tin- present liar they not in fluently use wooden 
arrow?- 

Their hut* an* atffldt 4 fret high and nlrout 4 feet imliEuneter. uin! 
urc usually htiilt of willies nr branches stark into the ground ut both 
mch* in a aamirirrh*. Over thh framework of Imir (rough* a thafch 
of Inrge leaves is laid on, and a small hide b left at the side, through 
which the little pigmy crawls in to tie im his bed ■»# leaves, Hie bus- 
liund and wife (they seldom marry more than one wife) may share the 
game Iml, blit the children a* soon as they have left the bratsf are put 
ead* into little huts liy themselves. Some of these tiny hahituition*are 
absurdly pimilL 

NO EA^UOAUK OK TIT El 11 oWN + 

The dwarfs npjwnr to have no language of iheir own, but simply !■■ 
talk more or less jiuperfivriy the longue of the big negroes who are 
thnir nearest nvighf.rois. Tints the dwarfs whom Stanley miccuintared 
oil his various journeys across OmgidaDd were always found To he 
speaking corrupt Bantu dialect*, or in one inhume u hingimgi scarcely 
differing from Manyeim. Their pronuiii-intion of these languages i* 
imperfect* utid they an inurli given to rephtring certain ermsonunts 
Iiy little g^rpft, nail sometimes by a sound which faintly recall* the 
South African click. They speak with a singularly musical intonation, 
thrir speech sung almost wtom-d* Their pronunciation of words is 
rather staccato, >mh syllable facing pronounced sapuiiitely nnd di*o 
tinetly, * * * 

It K of course, n hard thing to believe that prior to the invasion of 
the great west central African forest by the big Mark ngrintHunll 
negroes the pygmy a u toe] s thorns pi ceased no language hut inarticulate 
cries and gestures / 1 Never(heir**, it would seem to W it filet that the 
pygmies, though so distinct a niee, buve no language pec uliar to their 
rape, but, wherever they are, speak (often imperfectly) the tongue of 
their nearest agricultural. settled, normal-sked neighbor. Again, it 
Is atmnge that this little [ample should speak imperfectly these bor¬ 
rowed tongues, lawausc Individual* transported from the pigmy milieu 
hare picked up rapidly and ipnken rorm^tty Sudanese Amine. Rnn- 
yoro, Lug&uda, Kbwnhili. and Klnyauiweri. It. i^, however* Jr** ain- 
giihtr mi anomaly than the contract trotween the brut Lsh liveried hy 
the pygmies in iheir w ild state lives, perhaps, in »Wnro of human 
culture nearer to the hensi tlrnn is the case with any recently existing 


" \ whs timrh HEmrkr anil hi were my KiimpenTi tMinjmnenis, nt tin 1 espn^s-iive 
Innw iiMftl liy the pygmies hi vking 'Mil Lhi-ir ecmcrvjitkiti. One often aanvewd 
willi llieni iti pcvlim**. 
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nu j* of men known |o u- and I lit* vivacious intelligence, iim'HImI adroit- 
ii^ss, almost fuirv-ltkc deftne.s* they uxfeihit uhcn dwelling with Riinv 
jh iiiis. No one cuu fail to }*■ struck with the menial superiority they 
cxhilnt under these novel cirenhistarirosovt'r the bignegro, whoso own 
culture in his own home U distinctly higher than that of the forest 
pygmies. They nm* very fintd of singing mid dancing, and 

the little so«g» that they croon are distinctly melodious, while spectn- 
iors are kept in (its of laughter by their truly ttroll ami elfish antics. 
N hen they gi ve a musical performance I hey an 1 fond of seating them¬ 
selves in a semicircle, In their own hnific-, on these occasions, they 
1 h*jiI drums, which are Jiuolo of sections of hollow trees covered with 
skin* N hih* thus sruM. and beating drums. I hey chiuit songs, and 
dance, tut to speak, all over their bodies, striking the ground with their 
elbows and hips, knees and hi unis, wagging their heads, and heaving 

their stomachs up and down 
The dances which 
form uprigh 

of a rmirfcvdiy indelicate 
kind, though thr dwarfs seem 
only to i-arrying out the 
utirinnt tradition#. 


IMITATIVE VSl> AllAmVE, 


Tilt nirtrt jirfbiftlre inslFUfiiftii. 

[ilnj Inr nn it hiring. 


Thf Congo dwarf#, though 
thiy m ny exhibit npe-like 
in thi-ir bodies, and 
though in their natural life 
they are ahsuhitfdv sLvvagv. 
Mhub * display nevvrLhelo^ a certain 
nlertncsa which gives one the* 
impression Unit they ] qukksr inidligmifr and agreator adapts 
whility of mind than tin* ordinary 1% negro. They nro admirable 
They learn language* easily, though they muy speak them 
with a defective pronunciation* The little dwarf women readily attack 
themselves to negroes of the big races, and make iilbrciiaiutfce and 
dutiful wives, \\ hen Captain (now (ienerul Sir Frederic) 
iourneyed through the Seuiliki forests, thr Sudanese soldiers by whom 
■■■ ««■' a^ompanied bought away with them several dwarf women 
whom they married, it used to ha an amusing sight to see husband 
mid wife together, the husband perhaps iJ feet in >mture mid broad in 
pro|Kjrtion, and the tittle wifi? 4 feet only s mid dispi-o portlr mn fe|y 
bmi 
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VS I >1ITJ IfTATIQJf OE 1>WARE9 INTO THIS rOfSTHV. 

American renders tuny Ihj interested to learn that it is possible 
there still exist ui the present day traces of African dwarf races in the 
tiegro population of the West ladies. This, at any rate, was the ease 
forty ur fifty yearn ago. There is a tradition to the effect that 
among the slaves shipped from the Congo regions al the cud of thr 
eighteenth century were specimens of dwarf nnies from the far inte¬ 
rior. In Trinidad and some of the southern islands of I lie West 
Indies those little jieople remained for a time distinct from the other 
slaves, utnl people of my acquaintance still living have seen and spoken 
to them. They were recognized at the time us living quite distinct 
from the ordinary negro type, and were generally known as the 
“Congo dwarfs.*’ 









UL AM ANU ITS PUm-hK." 


Hy W, K Sumim, 


Tin - Marianne Islands -»r fmdrnjto.s form u rliain niwiut rrtilc^ 
long in :l iii m i h ami ninth dilution unci lying about four days' mri hy 
>trnmrr U> the «i^Iwurd of thr Phillpj*inrs. ^t<m d nii n it i h s|x*ukiiig t 
they extend from I4 r to fill* ftV north latitude mn-E lie between 
14.2 83' and 148 -K nist longitude* Tiny arts of volt-unit! origin and 
ura sus-rnnmhd by coral reefs. Iil the northern islands there area 
numiHTtjf yolrunoes in lull activity* but m the south volcanic action 
had tong fu-foi'i- their discovery. 

fiuaiii, thr largest ami iitorf important ini j mU*r of thu group, is thti 
only Mam! Mnfigijig to iJm United Statu*, the n irhihnlrr Wing lieeri 
=sold hy Spain to Cto rnnmy after the close of |Ilh^ lair wni\ It is nr the 
extronn ^niith of the chain and at present turn a imputation of W^iTU/ 
The inland is of irregular shape mid kaimiit -A'J miles. long from north- 
north east to south-sou tl i west- At its narrowest pa it, near the middle, 
if is loss 1 1 tnii I mills near the i-nth the breadth is from 7 to i> 

milts. 

Ihc mother ii |>ort ioii of it Ji e island constats of a guest, nr phthnu. im 
ancient coml ret-f, dtacntcd dtout J.;ay feet iilmve tlm *cu level, with 
one or twit |hT ik* of no gmii height extending through it. It is with 
mil stivtuiH or springs owing to the porous natiire of the corn L except 
in thr immediate viridity of tin- pniks referred tu. when:- in Hie iwl 
-i-iLson there is for si time n supply of water. Xcar the middle of the 
islnnd, in thr iiuimdinte vicinity of Aguiiru the mpltul, there ha targe 
spring from which :i copious Ripply of water issm^. Thi* t uhcr 4ow| v 
orbing through mi extensive swamp an undent lagoon finds its way 
into thr aft* liy means of u river. the channel of which hm been 
artificially li-ugttu-ufd mid turcifvl for a mile panilld to thee as* for 
thi- eon von kin *■ of she native. The southern portion of the tatorid ta 
ju inri pally of vnhiuiir formation, with several \H-iks which siqm-rly 
rxowd a thousand fret in taught. It contains u mimter of -4 mints, 

* by penuiiatioiu filler revfckm by ihr mithnr, imm the American 

X. s , v<.l, 4. -I 0 =1 .Si, I .|IVn, : |]tln r. Why*. S V :il^ '"Tin- Ohililln.rro 
Ijuipiuv^.rriuum/ 1 liy ihemuioEmllior, En Auirnwi VntliroH«^H^ 4) nil Ti 
lip. fl. 

^ * This, limn tier rofefs hi thr ju’tnal ^ideiUn of the wlaiui nml clotnf hu\ indole 
vtritorH nor il»- I'mb-l nuu^ fturns iln n-. The i]^i.m.^ tire htkra fr-.m the 

aiiiiusof 1LP01, uri.l u-rv kindly nimtimniciUi-d to n.i> by lkm Pt-dm Oimrt.% btc 

rafiOLiis in theiSpoRigb army, mm a o( tbu S^taml, 
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some uf which lyse thom selves beneath the surface for 11 time and 
reaijprur issuing from caverns. As in most cdrareuLis formations, 
funnel-shaped sink holes are of frequent occurrence, the w^t^r drain¬ 
ing into t hem sometimes reappearing ncur the beach in the form of 
spring** or spurting forth in plains from beneath the sen* 

$//!/.—Near the ju net inn uf tin- volcanic and cxmil formations the 
limestone prints si crystalline structure* pure crystals of carbonate 
of lime I wing frequently found; and nodules of Hint similar to those 
from European chalk formations are met in certain localities. The 
soil uf the greater part, of the island is thin and red. It owes its color 
to the oxide of iron present in the disintegrated coral of which it is 
principally composed. In the valleys and forests there is an acvnmu- 
1 tit ion of vegetable mold* and in swampy places the soil is block? rich, 
and suitable for the cultivation of rice. 

f't*utatr. I t uuiji is situated on the dividing line between the north- 
cast 1 nidi* winds mid the area of the monsoons of rhi- Chinn Sea. From 
I\wnd*er to .lime the prevailing winds are from the northeast. eIlc 
lemjKsnitnrc is agreeable, the nights cook and the air i* refreshed by 
occasional showers. The most agreeable months are March* April* 
May* and June. During July and August southwest winds are fre¬ 
quent and are accompanied by heavy rain sqiiatts. Hurricanes may 
occur at almost any time of the year. They may bo expected nt the 
changes of the monsoons and are most frequent in the months of Octo¬ 
ber and Noveutlwr. They are often of such violence as to blow down 
I he greater put of the native houses, laying waste the Uiabe and rice 
tii-lkK uprooting nr breaking off cocoa nut trees, destroying the bread¬ 
fruit crop, tearing to shreds plantains and banana plants* and killing 
fowl and cattle. Vessels at anchor in the harbor are frequently swept 
from their mooring* and cost upon the reef, as the letter books of the 
Spanish governors of the island will show. Hurricanes are usually 
followed hy sear city of fmaL TJiO natives, who very seldom have a 
reserve on hand* an? obliged nt such times to go to the forest for wild 
yarns and cveaa nuts. 

Earthquakes are also frequent, bat are not often violent* One of 
the most severe the island lias known in historical times was that of 
ISJr-P, which destroyed the church and the government house in the 
village of Umatu. Not long afterward* a number uf natives of tie 
tamMiie Mnnds appeared at Liiiam, stating that their islands had licen 
swept by mormons waves, and lagging the governor for an my hum 
The most recent occurred September iWUiJ, causing sc lions injury 
to the building used as the marine barracks, and kitting several 
natives. 

I The Horn of 1 ruam* though [possessing a number of 

s|h'c3cs not known from other localities bears a general resemblance to 
that of simuy <alier vo!winic. eond-f ringwl islantIs of the Plici fic% i it the 
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ferrate arc wild breadfruit trees of great eum 1 ;' 1 giant tuinysiiw and 
other speti^ of the % family; toll trees, with hard, nwihog<tiiy-lik* 
wood; arboreous Aporyimce»t several npedes of tfcrew piire*; and a 
wealth of tVnh growing on the ground, climbing tree trunks, or 
pefrht-d upon the brunches like great bird*’ nest*. Iii rocky jpWes 
the raruie-fi^r^ plant, in its wild state m 31 branching shrub or 
small tree, and a cycad t resembling a tree fam, with glossy, plnnte- 
like frond*/ In the savannas, or place* devoid of forest growth, 
t^ur vast stretcher of a coarse grass called ntiti, patches of ti brake- 
tiki b fenu'^ lhuI scattered ininwood tree#.' I hi 1 iwnwood grow* ri ho 
along the Randy beaches* especially mi the cant tenant of the island* 
where the tree# preheat a twisted and battered npiiearanee, from the 
constant trade winds and the effects of the frequent hurricanes In 
the rich vtillejs the betol-pulm is plentiful ;Aind near the bunk- of 
stream* grow a tree fern (AlHophik) and giant aranm,* Twining in 
the thicket* are several specie* of morning-glories, plants of the lwnn 
family* wild yams with sharp, w iry branching thorns and a peculiar 
leafless wiry parasite/ In the swamp* sire dense growth of reed* 
imd marsh ferns. The vegetation along the hunch is like that of most 
tropit^d shores, made up of gt rats-foot convolvulus* sen beaus, and 
shrubby plants with fleshy and harry leaver. On th^ rocky islets* 
beside* tbeCyca* mentioned above, grows a line hard-wood tree etilkd 
chnpttg liy the nutims.‘ In the swamp are tangled growths of mun 
grove* propped up on aerial root* and crimson “flowered Liimiiitoems, 

It may be of interest to those unfamiliar with Ptuutic insular floras 
to note the absence of piuo. rrdnrs* willows, walnuts, birches* rueti, 
nud plants kdongliig to tbo rose family; there are few composites and 
Imt one or two crucifer*. It is probable that none of the pah us are 
indigenous, wills porhapn the exception of a wild rattan I thalamus) of 
no economic value, 

ftntwt . — Besides ruts uad mine the only muimimk are a huge fruit- 
euting bat, or flying fox^ a Mindl inaectivoroiiH bit which during 1 he 
daytime remain* in eaves; wild hog*, and a specie* of deer iid nub iced 
into the island by Don Mariano Tobias, who ism governor from ITTl 
to 1774 The deer arn now so abundant m to cause serious damage to 
the corn cropland youngeoecmmits. Goats am also to be found on 
several of the outlying islets* rim tie and curnbuos, or water buffalo* 
have been introduced ami An- used lioth fur food and beasts of 
burden. 

Among the birds are several species of fruit doves, a pretty little 
fan-tailed flycatcher* scarlet-eimb black honey enters with long* 'lender 

« P 4rfrrf'rrrjj|p* artHimflKtl. / Awn <wUrhti. 

ft fbfAfrjer^j Irif/rt, vnr. frrtMpifliu. Pdfcrffttfr! ipp+ 

f cirrtiwiif- * f >w ^ihu jili/frrmi*. 

d Gfciekmm rf fatafefniL ■* A Hjuxk* n| 1. h-h hhrj rt 
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curved black .starlings, tt «row, u to way-atid-Mtic kingfisher 

{Halcyon}. which preys mi Usatrds mid insert* instead of lish. tha swift 
that mokes edible nest*, n little* ilv catcher named far Da Frcyeinet. n 
sntiili Xrwterop.* with olive-green and yallow pinmiige. two mils {llvpo- 
tumidin find Poliolmmiiii), and » guilinule. which frequent the swamps 
and in m [Hitches; and along the shores a heron, a bitter#, two curlew*, 
the PUiiiie godwit. several sandpiper*. plover, the wandering tattler, 
sandi-rling. -nijie, and turns tones. Tim only bird of pray known in 
occur i- the widely spread short-cured owl,' called momo bv the 
unlives. The most Imautiful of the hi ids arc the fruit doves, Ono of 
which Mm- longs ton group widely spread in (he Pacific, having rosy 
crowns, green 1 nicks, and yellow, purple, nml orange plumage on the 
Under surface. The only sung bird is the reed warbler/ 11 modest 
bird haring a general resemblance to our catbird and having an 
exquisite song. 

Among Introduced specie* arc the beautiful litt le ('him-si- partridge/ 
brought to the island in recent year* by Don Pedro Ibtarte, ami the 
Philippine turlledove, [here is also a frult-eatitig dove* interesting 
from tin- great dissimilarity between the adult male and the female/ 
I'ha former. ■ tilled "fipflki *’ 1 by the natives, is considerably the larger 
and Wo white head. The latter, called '‘paloman kimau," is of an 
almost uniform chocolate color. The natives think them to ho differ¬ 
ent liirsls which live together, 

the la-st game hint is u wild duck. Aim# a species peculiar 

to the island, hut closely allied to Anti# xtifh&viltftrMt winch occurs in 
Stinioa. Curlew', gullinules, plover, and doves arc also hunted by the 
natives for food/ 

Among tlie reptiles arc a huge lissard ... which mils bird'*- 

ncateand eats young chickww and pigeons, a blue-tailed stink, one nr 
i wo geckos which frequent the houses of the natives and run about 
the callings and walls catching insects, and a small sriakc (Tv philips), 
vi-rv much in general appearance like uri earth norm, but with a hard, 
glossy skin composed of minute scales, 

Several sjH'cics uf laud viralm occur, including the curious libyius 
littru, nr "robber mb/' kept by the natives in captivity and fattened 
on roccinnut-s fur the table. ]n the streams tbvrc arc shrimp* mid on 
ilia shores spiny loh-dera; fxith of these are highly catcrmcd for food, 
A full list of tin lisites and birds is given in the repnt of the director 

n jtwu ueciphrm eu, 

r ' PlitiiwpM tmtitupittu*. 

* Acrowphtitu* Imchm* 

J Kitnifittitoftfi finmnif, 

* Phlftpmm i^rjjf/i^trhi, 

"Bini- I A fha VIlitillii iu- MarnE* mui tlwir vimmi-tilrtr namei,” by IV. K* 

Slflj&n I, T h® i ^ifpy, Mird1902. 
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of tlir Bor nil?* Paufthi Bishop Museum of Hawaii for loop, the result 
of tin- work of Mr. Alvin S-ule, who collected on the island in iiwmX 
/>*HWBrry< The island of Guam was dktjvtiml by Magellan on 
March 0 T 1521, after a passage of three months and twenty day* from 
the strait which Imar- hi* name. AmmvgtlnMiccounts written of his 
expedition, thiit of Antonio PigufeLtu* of Vicenza, who :ii i oinpaniefl 
him* is full of valuable and inteivstmg detail*. Piguf&ttn W Hs of the 
terrible -^u tri-rln^- of his companions on their way across the w suers of 
the unexplored ocean; how their food failed, until they had onlv 
cmmhiing Idseuit full of pi luggots to ent, nil foi j I f nm s the exi-milent 
of rats: how they war* forced to cat the rats tin--insulvna, which brought 
ti price of half u crown each* and, moreover, ** enough of them could 
not lh- gi Af lorn they even n^ortia! to sawdust tif wood* amt the nv- 
hides iLsedns dating gear in the tigging under the miiin yard, nil 
stiffened nml liardi-ned by sun* rain* and wind, soaking them for n*v- 
end days in the sea* And then putting them "a llttli- on the embers/' 

I he water they had to drink was yellow mid stinking* nnd the gums 
of nearly all won- swollen with scurvy* and nineteen died* and tweutv- 
tive or thirty others fell til "of divers sicknesses lioth in the tmm 
and legs and other places, in such manner that very few remained 
healthy/" 

Twn islands we it) sighted* I ml only hi ids and trees were found u|H>n 
them and no supplies could I*c obtained. These they culled the rnfor- 
lunate Inlands. Finally liner other Hands were sighted, covered with 
rieh VGgatatioH and inluddtrd by many people* who came out to meet 
them in wonderful canoes* which seem to fairly fly over the water. 
The sails were traiigular^hiiped 11 vats woven of (mridanus leaver and 
were supjiojrtcd «m a yard after the 1111111100' of lateen >imIs* The mast 
was amidships. Instead of going al wjut in tacking they simply shifted 
the sheet of the sail from one end of the canoe to the other, so that 
which had been the how Itccnme tin* stem # and the stern ktecaiuc tin* 
Punilhd to the fore-and-aft line there was an outrigger or [og. 
rigidly re inner ted with the hull by cross piece* and vesting upon the 
mrhue of the water. This served, both l>y its weight and buoyaut-v, 
to keep the narrow cruft from capsizing, ami was kept alwavson the 
windward slide by shifting [Im n* desert*ted above. All of the 

boats wen* painted* some black and others red. The; had puddles of 
the form of hearth shovet, which could lie u*ed for stirring or pro- 
|sdlirig the houK 11 

The ships came (0 anchor near a village on the southernmost island, 
and the natives brought them r+-freshmen t of fruits. The sails were 

« ' llu him 11 Hmrifie simile m\ mm pain iJu frinuia* due mm pTtU-n *«>ri 11 na turolu 
in riniu; v dopplfi fsHTrtn i|in*- 1 n ttiiMirse 0 hrinu, famiM a pinfvr lorn ilk ]M|>pn 
ptomZ-Pi^A^ttBp Pitmci Yhggfc tntoruo si GlvW Tm»n|UH) t Milunn h \JptXX? P 
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furL ihI and pro|3ju , jitii>ii> were iisadc to land* when it was ditfvoveirod 
that the itr which rode els turn nf the flagship was missing. Suspect¬ 
ing tlmt the natives had stolen if, the e upturn-general went nshorc with 
■* <r finned men* burned forty or fifty houses and many bouts, and killed 
seven or eight unlive men and women. Ho then returned to the ship 

with hU skit! mid ..jediatdy set sail continuing his course to the 

westward, 

Ik"fore we went ashore [my# Kgftfettn] some of our people who 
Weir? sick said to us that if we should kill an y of them, whether mim 
or woiiijiiL tlltit we should bring on lawird their entrails, being per- 
sniidiHl that with the tatter they won hi Jm* oared. 

VV hen we wounded some of those islanders with arrows, which 
entered theit^ bodies, fhey tried to draw forth lln j arrow now in one 
way and now in another, in the meantime regarding it with great aston¬ 
ishment and thus did they who were wounded in the birast* amt they 
died of it, which did not fail to rtiuse ns com passion. 

"Seeing ns taking r'tu departure then, they followed us with more 
than a luiud red Ik Kits for more than -a league. They approached uur 
ships, showing us fish and pretending to wish to give them to us: hut 
when they were wear they east stones at us mid tied. We jm->ed under 
tuM sail among their boat#, which with greatest dexterity eiinped sis. 
W e saw among them some women who wen: weeping and touring their 
hair, surely for their husbands killed by ns/' 

—Thfc natives were described by the early 
navigators and missionaries ns jwople of the stature of Europeans. 
They were lighter in eolor I bun the Filipinos, and the women and 
children were fairer than the men. At the time of the disco wry 
the men wore their hair loose or coiled in u knot oil top of the. bead. 

Later they are descrilied as shaving the head, with the exenpfcu.. 

crest utoiit a linger lung* w hich they left on the crown. Some of 
them wen* lieurded. l^gafefcht says that they wem wi ll formed* and 
in the rejwjrt of the mrjy mi^umaries they wore said to Ik? more cor* 
puh tit and robust than Europeans, hut w ith n tendency to obesity. 
They were remarkably free from disease and physical defects, and 
lived to a groat age. Among those baptised the first year by the 
misMOhiirU* there were more than said to be poat the age of I Chi 
years. Their hair was until rally jet black, and in curly times was 
worn Hi? long by the women as hi touch the ground. 'Hie men wore 
no clothing, and the only covering of she women was 31 small aproii- 
like garment made of She inner lank of 31 tree. The women were 
handsome, and more delicate in figure than the men. They did not 
work in the fields, hut occupied themselves in weaving Uiskels. mats* 
and hats of Pkfidiimis leaves* ion I doing other necessary work tilmut- 
the house, 

L ■ -SiKins phpii 1» L lk-. rli flurini hvi-lla K jiin drUtiUe e ninnHe* ihuuiin. eon 

1 - ji[, h' jtli iM'fii-siiitL rt'iiiltl u l>.i]i| n r li| Im-u ft n rm. \ .leiijo |flir CW* Itnuii |e, M- n-ni] ehr 
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In their general appearance* Juiiguiige* ami customs the people of 
(i LiLkiik 1m> re :i reziein bianco to the Tngtilns and ^ isayans of the | s hili|i- 
pi n e Isliti ids. r I The yqcu \ mia ry ( ho wi * v e r + was dr sti or t T with t ho excel e 
ttoiL of a few words of Malayan citlinitv widely spread over the l^ivihc 
(such* for instance* os the names of sky. fowl, lire* and a few others). 
Their grammatical form- vera very different from those of the Poly no- 
a Ions, tfiiisiH lieing expressed hy the reduplication of syllables mid the 
insertion and prefixing of (nihiohs to the root of the verb. 

Before marriage it was customary for young turn to live in mneu* 
bhuigr with girk t whom tlinv purduised from their parents by pres¬ 
ents, This did nut injure u girl's prospects for marriage after wan Is. 
Fm|iwntly a number of young men utid young girls would live 
together in IL huge public house. After marriage a huskiml contented 
himself with one wife and it wife with one husband at a time. 
Divorces were frequent the children mid household property always 
going with the wife* This most frequent cause of hi von- was jeub 
niisv, if n woman discovered her husband to lie unfaithful, she called 
together the other Women uf her village, who armed tbcniselve* with 
s|Hsirs mid proceeded to the house of the offender- They would then 
destroy it ay growing crops he might own and menace him with the 
until lie was forced To five from the house. Thru they took 
jmsscssiou of everything they could find* and sometimes even destroyed 
the house itself, Whm n wife was usfaiilifnk the husband kid n 
right toekjstise her paramour* hut she went free from punishment. 

t Viste distinctions were recognizer I and very strictly observed. The 
chiefs* called ehamotris* owned vast pku ration s aad eocuanut groves* 
which were handed down genciation after geiiemfcion to ihr heirs. A 
chiefs rightful Mirtwaor was his brother or Ids nephew* who. mt 
coming into |H>sse,sskm of the family vslute, changed his name to that 
of the chief ancestor of the family* 

The people wore naturally superstitious. They venerated the bones 
of tlieir ancestor^ keeping tin* skulk hi their houses in small Ini^keLs 
anil practicing certain imputations before them when it was desired 
to attain certain objects. The -pints of the dead were culled m£tti, 
mill were supposed to dwell m the forests, often visiting the villages, 
causing had dreams and having especial sway over the fisheries* 
reojilc dying a violent death went to n place called Znzarmgunu, or 
tlic bouse of Chui'ii, whom they stith-red torture from lire nnd ine«s- 
siid fdoxvs. Those dying natural death went to a subterranean para- 
disc where there were groves of ruooafiuts, plantations uf kmaiias. 
sugar cane, and other fruit* in rdmhdmice. Certain men called 
makalinn resembled tin™ kiibimas of the Hawaiian*, They wen* sup- 

d:t]la scorm iiiicriui die via fnt h. rofflcreta il \e%nn delta [sdni*. Ew*- imu lavnmtin. 
aUnciiKii.pHi^nn, in* stnaiJo in etu» Us^cmk stimie, etagedi piku*,cahn Jtfluili lavari 
fprattllo m^s^ar] aha fmuigiia. l p i^iifeli* F \k 
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postal in hive power over tin* health nf the unlives, could cause min, 
si ei cl bring liii-k to llit- fishermen. As among many Indian, Malayan, 
and Polynesian peoples, they were very careful not to spit near the 
house of another,* hnduuhtedlj through fear of sorcery, should on 
enemy possess h tin self nf the spittle* 

Violent grief was shewn on the death of n friend or relative, the 
people veiling and Paging dirges expressive of their sorrow mid 
di^jpm i\ ai liI recounting the noble qualities of the dead. In the nise 
of ei ebamorri^ dffetli the waiting .m prolonged for several days, 
Snmll 1 m Pin id.', were raised over the grav'c and were decorated with 
(lowers. |wdm leaves, canoe piddles if the deceased wsis a l fMienuiui, 
and sjH-ii. 1 ^ if he was ti warrior. The body was sonlelimes anointed 
with fmgtiuil pill and taken in procession from hmise to house, :is 
though t" allow the spirit hm uppuri unity of choosing :in abiding place 
among llie homes of Us kindred* 

On owedon* of festivity the men and women would collect in 
groups each hv themselves, and. forming semii irdrs, sing and chant 
JI ltd r legend s sue 1 fid >1 e s. Si a 1 le t) eiu b s t 1 lese soj igs won Id 1 je In th tvo- 
purl harmony, '* treble, contralto, and falsetto." The songs wen; 
Jietfompinicd by appropriate gestures ami movements of the liotly, the 
women using certain rattles and castanets made of shells. On these 
occasions the women adorned their foreheads with wreaths of Bowers 
like jasmines, ami wore Indts nf shells and tmmk from which hung 
disks of turtle shell, width was much priced among Lliem. Tliov 
wore skirls of fringed ike mots, which the early missionaries din-lured 
w 1 " re * b nit hi * r 1 ike n igtt b a 11 gi 1 in 1 e 11 Is, ** 

Though called l^adiones (thieves), they were so honest that their 
houses w 1 re left open and without protection, and very seldom was 
an filing found missing. Hie v were ven hospitable and kind, as all 
the early iiccounts testify. It was not until they were given jiistcausu 
that I heir attitude toward the Spanish cln-mgid, whereupon the latter 
dee la 1 vi 1 that they Jiitd been luistakim in attri I m ting virtues to them. 

They declined that the foreigners brought to the islands mt>, tiles, 
mo>i'juitiH's, und strange diseases. They lived with little restraint, 
matters nf im|Kuiunce to the villages or to I lie general public being 
decided hy assemblies of their chiefs ami old men; but these had little 
authority* and a native did pretty much what he pleased unless pm* 
vented from doing so by sijriip one stirmigiT Hum himself. 

fheirarms worn wooden spears jaunted with bones, and slings with 
tvlsieh they threw oval -shaped stones with remarkable force and aceu- 
raiy, 44 ns far,' says one observer* + *us sin arquebus can should* From 
their earliest youth they were accustomed topmcticft w ith these weap¬ 
ons, and often bad contests of specie throwing, fencing, and thru wing 
at marks* Often the stone was hurled with such swiftness that it 
would Income embedded in the trunk of a trccu The women went to 
sea w ith than husband* for sporl They were tine swimmers, and W 
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tliey threw themselves into the water and came bounding from wave 
to wave they reminded Kgwfetteof dolphins. 

Their bfMW'H went well made, thatched with palm leaves, mitl raised 
on wooden poste or on pillars of sloni!." They went divided into sev¬ 
eral mom* by partitions of mats. Their I*hU were mats woven from 
Piiiidaim* leaves divided into strip* of great finem-s. Tlmlv boats 
were kept under shelter, large sheds being constructed tor them near 
the aeo, the stone Of masonry pillars of which may still lie seen. These 
stone pillars are held in awe by the present natives of the island, who 
tliink it unlucky to disturb them or even to linger near them. 

Fir*. It was asserted by the early missionaries that the aboriginal 
inhabitants were ignorant of tire lie 'tore the advent of the Spaniards. 
That tins is a mistake is shown not only by the fact that their prinei- 
fnl food staple* eonfd not be eaten without rooking, hut also by their 
words pertaining to tire and cooking, as rputji (tire). '*/«> (ashes), (Htfi 

(smoke), Onto f roast), mafiUa (dame ),phuytm (livi.al). '"%r (burn, 

v. t.), ktmn (burn v. in.), wtna (boil), peht (cook in emln-rs). vhthtm 
(hake in ancient oven), and other words. Many of these; words arc 
to ha found with slight modifications in other languages of Malayan, 
Mr lanes i an, utid Pi >ty nesian atli n it i re. 

Pood,. The food of the aborigines consisted of tish. fowls, riru, 
hretu.1 fruit, turn, yams. arid bananas (Pigafelfa calls them ‘ tigs a palm 
long”}, rot'oaiuits. ami nuts of ( 'yen* cirw<'!>** the poisonous prop, 
eriies of which they removed by soaking and rcfjcatedly changing the 
water, after which they were rooked. Kor relishes they ate 1 certain 
seaweeds, the nuts of the wild ” i.l mood ami n specie* of screw pine. 
I'linduim* drupe*. which are an important food staple in some hicific 
islands, were not a put of their domestic- economy; and. although 
thev had pigs at tin early date, it is probable that three were intro 

dimed after the discovery, ns at .* of the early navigators dnelure that 

tbo natives could not is- induced to rot flesh. The creamy juice 
expressed from the meat of ripe eocoamits entered into the roiiijxkd- 
..>f ^vemJ of their dishes. They were ignorant of the manufac¬ 
tor,. „f ... tiiini from the sap of the roenaiiufc, and had no 

iiitoxitiiting I leverage* before the arrival of the Spin bird*. As was 
a early tin universal custom throughout the tropienl Pacific. they 
eiHilod by menu-of atones which they I mated in a hob- in the ground, 
making alternate layers of food, leaves, and heated stouts, somewhat 
after the manner of a New England ckutnlukc- 

Xtircoti'c*.-- The ktiva pepper {IVjw t<'<nn) Wfts unknown to 

them; lmt its place may la- slid to have tweti taken by the Iwtel pepper, 
the leaves of which they chewed wrapjwd around n fragment of the 

u•* PuehIaiU^ stiltn- luerte* piltin— Ue (liain.'*—Nuirttivi- o( (iMpar ,m, l Grijalva, 
who vlsin-il (iaim -with l^-iaispi in trsti. 
t' IVru-Ni/i/iiT 
■■ pmidtnib 
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mil of the betel palm, with the addition of a pinch of lime. This habit 
is still universal ii!!i< hiij tin* native.’ of Itunm. Tin* lieiel thus pre- 
pm-tl has an agreeable aromatic pungency, not unlike that r>f nutmeg. 
]t. imixirts ;i fragrance to the breath, which is nut disagreeable, but 
it discolors the teeth in time nod muses them to crumble away, while 
the constant ex|HX‘tonition <*f saliva, red like blood, is a disagreeable 
habit. 

Cititii'iitrfifiltHite .—The principal phints cultivated by the natives 
before tliu discovery were the limvd fruit—a sterile form of ,\rr<.<ir- 
pttx owtiitiiHf*, which is propagated by cuttings, or sprouts, from the 
rools; l he i/in/ihnj. or fertile form of the same specks, which also 
grew wild ii| sin the island, yielding nn edible, chestnut-like seed, logs 
from which they made their largest canoes, bark for llieir aprons or 
loin cloths. and gum which served ils u medium for mixing their paints 
mid ns a resin for paying the seams of their mms-s; the fs>te[ palm 
(.bv.is; etiieaAu) and the betel pepper (which were un doubt- 
edly brought to the island in prehistoric times, ns also were rice, sugar 
cane, hi id the species of Fund tun is culled uggak. from the leim a of 
which they made their mate, boskets, hats, and bout sails. Of this 
plunl only one sex occurs on the island, and it must consequently lie 
propagated by cuttings, Cocoauute were also, in ail probabilitv, 
brought hither, as wore several varieties of yams," separated bv them 
into two groups, which, according to the shape of the leaf, liiev call 
riika and dago. A third specks, 6, called gado, which now grows wild 
in thickets, is charm-ter teed by sharp, wiry, branching thorns near the 
grmiml. which serve Lo protect its starchy tubers from wild hogs. 
Several varieties of taro were cultivated, Imth in swampy places and 
on dry hillsides. Among !ho less importantplants worn the Polynesian 
arrow root, called gubgab; turmeric; {(’•trctiuut Itmtja}, culled mango; 
wild ginger or nsiigod h*lom-tano; and a specks of ml jaqiper, called 
doni. I here were no edible oranges, n Lingoes, mangos teens, nor 
k h| nats. A fruit much relished by the fmil-rating pigeons was the 
piod f.l, ’wivu'ti riftitTicttnn}, which resembles a small yellow plum w ith 
a slight flavor of bitter ulmemd. 

Atfni'uUi&ut it tul fitlur art it .—For growing taro little art is 

required. ’lain', require more rare; while hi minus, bread fruit, and 
the textile panda mis, propagated by (Sittings or sprouts, have to he 
severed from the parent stock, stock into the ground, and omtsiotmlly 
watered. For the cultivation of rice- llie only cereal of the ids*rig* 
ines fur greater skill is required on account of the necessary prepara¬ 
tion of the Helds and the construction of irrigating ditches, like was 
[hi 1 priiieijml staple furnished to vessels in considerable quantity. 
Oliver van Noort. who visited the island in mentions it in his 
narrative, am ] the Na ssau fleet in tm Wiigfat it In kiles contain lug 

- Mm*. «AU U w \ XI, * II*!*«*». * Tun, pmuiM- 






UVA M AND IT* PEOPLE. 


503 

7<i tu wo pounds each* Ai this time it was mUiciUed iu tunny places 
mi the hiatal, which indicates no little industry and enterprise on the 
port Of the natives* I dwell on this point because the alH>r%inea of 
Guam have been described ns very indolent lind of the Wt >.-t order 
of ehilizAtbtk, i^ncmiNt oven of tin* uri of imiking lire, .Surely the 
people who constructed *ueh marvelous li flying prana," who dwelt in 
commodious and widl-lmilt house-* mid who carried on tin- art of ugr!- 
ndtiire to the extent indu-ated Uy the narrative* of the early exptalb 
tbus of the 1 hi teti* run nr?t fie rlftssilied as abjefit ^uvnges. even though 

their bodies wore t?mem! by very smut clothing. If encounters took 
place I h* t ween them and the crews of visiting ships- and these crews, 

fresh from pillaging the ennst of Mouth America arid ..jstnnied to 

deeds of violence and murder, were hi nil pitrftuhility far from gentle 
in their treatment of the natives they were designated as iiiiaemhlo 
infidel*, to “slay” whom was a legitimate pastime; while, if u Euro¬ 
pean was killed Uy one of them* without investigating the caiuw, lie 
wn>iledam! to have betm murdered,, and hi# death was a vended Itv 
the Imming of village*-* Units* and boathouses* and by killing men, 
woincdt and ehildren.' They were branded with the name " Lwlronv*" 
for stealing a I mat and some bits of iron: yet the Spaniard* did not 
hesitate to steal human I a 1 bigs to serve a* staves at their pump* A 
- I rn * W **f J* su * f m n r** * r For itearlv a centiiry n ml a I ia I f a fte r 

tie discovery mi attempt was made to colonize the island. S^mbh guU 
loansm their sinmiul trip* from New Spain to the Philippine.-* stopped 

regularly aL Guam for froth water I pro* id on*. ()n one of these it 

desuit priest. Padre Diego Luf* dc San vk ores* was pn-ssi-nger. Hi* 
hear! was moved with pity for the natives living in spiritual darkness 
in thb earthly paradise, and when he reached Manila he lagged that 
he might lie sent to them as a missionary* His request mis refused* 
and it was not until be succeeded in getting a direct order from the 
King. Philip IV, that his wish was realized, V ship was built at 
Cavite, and Padre Diego Wits sent* together w ith several imfiipanbn*. 
to carry the faith to the Ijidrone.% 

He arrived at Agnnti on March 3, 166$, the ship having first pro¬ 
ceeded to Acapulco, Mexico, ns was the custom. owing in the easterly 
winds and the currents which prevail in the latitude of G uam 
Sanyilores was fill] of zeal and worked with phenomenal success 
among the natives. They received him with great kindness, giving 
him a dwelling place and building for him a church at Agamw Let 
ters written by him to his superiors are full of interesting informa¬ 
tion eoui-erning the natives. He tell* of their great regard for caste 
distinctions, their veneration for the lioiies of tin ir dead, their 

™»dvi? of ihe i^palitfon under Miguel Lapra which vMliil i Swim 

hi ifias, 

b Burney, Narrative of the Jjnajm l-:xj*dUioia r 152^ vul. 1, p. 217, 
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print ire of soroerv, and he regret* their lo\. ■ of worldly pleasures* 
thcdr disinejiniitioti for -eriums fiirujmliuifr, mid complains that their 
history is “(^Hureil hyn thousand fnhk-s." 

After a lime trouble arose between the rnissiomirje* and the natives, 
Ai first the chiefs I hut the benefits of baptism should not he 

extended to the common people; then they begun to doubt its 
eflieieiiey* and many who Wl been Ijuptized revolted to their former 
beliefs ai liI practiuotn They resented the efforts of the missionaries: 
to change their marriage e untom^ the destruction nf the sacred lmue^ 
of their fathers*. and the forcible detention of children whom tin- mis¬ 
sionaries had taken to educate. Finally, after four years of unceusuiig 
Kahn i' among them, Fad re Suivi tores wu* killed white baptizing S i child 
against the will of its father. 

Active measure*? wore now taken to reduce the natives. Tin- Queen 
of Spain. Maria Ann of Austria, w idow of Philip 1\\ }beanie inter- 
est ed in their eortYiMvicm umDfnuiulcc] a college for l lie education of 
native youth, which she endowed wi|]i an annual income of 3,noo 
|h>so>. Jn honor of her the group was named " Lan bda* Mar3ami~/‘ 
The income from the fund bestowtd hy the Queen continued until the 
seizure of the inland of (ittain by the United Slates, 

The Jesuits root..d in the inland for a century. At their expul¬ 
sion. in in itjiiforndtv with the edict of Carlos III, their place 

was taken by Roeollet friars of the order of San A gust him During 
t hid r stay the Jesuits not only introduced in any useful plants und 
fruits from Mexico and from other countries* fait Eliev taught the 
natives many useful art> and habits of industry, established extensive 
plantations, and brought to the islaad i little, horses, mules, donkeys, 
gtiaLs, and earalmo*, or water buffalo, 'ITie youths under their rare 
were instructed in the elements of learning and in the Christian doc¬ 
trine, and were trained to serve us acolytes. They instructed them 
also in music. The inventory of their'effects* taken at the time their 
property was seized by order of the King, jh still in Umnu Among 
the items are “seven violins with their b^s, three sweet flutes, two 
harps, and one viol." The inventory also includes a list of black 
smiths tools, axes, planes* chisels. <iws. mid appliance* for tanning 

leather, together with a gw a I supply of agricultural imp]*.nLs t and 

I he list of live tftock and articles found on their farms showed thul the 
latter wen- in a flourishing condition* 

/ *htnt# f n t /VJf/wvi7 hy (ftr fn fit#ton*tr** -Tli r prinei|Hil phiiits intni- 
durfsl by the missionaries were maize, or indjan corn, totacw, 
orange**, lemons, limes, pineapples, cashew nuts, or iniimfione*. |>ea- 
mit>, egg plants, toimiim^ and acveral Hpeeii\s of A norm, besides a 
Mittffwr of legimiinoiH vegetable* and garden herb*, 

Uith the chief article of cultivation, came the Mexican 

iuelatt and mult* for making tortilla*. Tobaeru leave* were used for 
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pii\ iiijf l!i*' nnti vt 1 ' tor ihfirwiirk, Most of the sweet pd.fih sis grown 
wotv sold to the natives contenting t heinsci ves with varus und 
t«ro, oi* breadfruit, Among the medicinal plants brought from Mex- 
iro whs fWV .tfofa, which is still called “acapulco;" und r*>h>- 
fiiir,,, ,/iifn, (Tilled ” kamnehitk” was brought for the sake of Its hark, 
which is used in Miming, Coifee mid cacao were ini rod need Inter. 

Mulerii (fpro-itJturt. — Maize h cultivated in patches varying fr. 

1 Ul n ' lurr,s - ^ i* Panted on tin* highlands ut the hegtening of 
tin* rainy season, A second crop is obtained from the lowlands IrTrlic* 
d f > aenaou. It must hi* kindled as soon as gathered, careful I v dried to 
prevent molding, and stored in large earthen jars (brought from 
Manila, Japan, or Uhimi) for protection against weevils, la the low- 
IiiihK with deep soil, the tie Ids may be plowed. In plowing, bn I locks 
or euntliaos are used, the latter preferably in wet places; the plow is 
of wood, with it single handle, and tipped with iron, usual I v forged 
bv the village blacksmith from mi old musket barrel. 

(,’oir. e produces rnoet pmlili«dly,and in sheltered valleys where the 
soil is deep mid rich cacao of excellent ipialitv i- grown. 

Itiee i- cm It i voted very .. as in the Philippines, The crop is 

fieijnenth a failure, owing to drought or a blasting hurricane; and 
even in good seasons the crop la inflaflicient for the consumption of 
llie inhabitant*. It is (me of the food staples of tin- island, and is 
now imported from Japan ami the United States. 

Ian* is cultivated lioth in wet and in dry ground. Ii is m H rb eaton 

V . .‘t'ves, us also are several species of yams. There are at h ast 

four varieties of sweet potatoes. It i> interesting to note that the 

vernacular name for sweet pntatuc enmote is of A.. origin. 

mid is still eoimnniiK used among the Sjxuiish-speaking people of our 
extreme Southwest, 

rohacco UI planted by nearly every famity. It must l«> careful] v 
winded and kept free from insect larva*, the must destructive .if widt h 
is that of u sphinx moth. It is never cured nor allowed to ferment, 

hut Ls simply ... under shelter and left to dry. The natives prefer 

their tobacco to all other kinds. They will not smoke foreign tobacco 
unless their own gives out. It i- usually smoked in the form of ten>*elv 
rolled cigars, made w ithout paste, and wrapped with agnvr or pine¬ 
apple liber. 

Several kinds of Leguminosw are cultivated both for the sake of 
their green pods and for Iheir ripe smk One of the In-st is f^phth 
’ tu'jHt* t> ti'ngtnurlitbuj** I he |>ods of which, eaten green and tender, have 

four longitudinal rutlle-ltke wings. IV.Ls grow readily, in [.laces 

lu.ing the road from Agufiu to the put. Maudloe and arrowroot 
itruMlinmta) an* cultivated, but not on nu extensive sculp; 
nnd tumeric and tacra, though growing wild, are sometimes planted 
i hr natives have become essentially an ngrictdlurul und jsislunil 
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people* Home of the changes brought nlumt by Spanish iHxmpoacy 
nre shown iii the accoiii|Hinvittg illustrations Navigation is scarcely 
practiced hy thmn- The wonderful Hying prno* have Wn replaced 
by Nmall mimes of inferior type* which are nciw n_sed hy the natives 
only fur tithing. There Eire snu.ely more than it dozen native Im-jaEh 
in the whole inland. For years what traffic whs carried on trotweeu Hie 
islands of the group was by means of large canoes from the Caroline 
Wands* 

Another figure sbenvs the manner in which com is spread out tndry 
in the streets upon mats of Piiudamis leaver The eaist net show 11 in 
the figure of the fisherman 3 - make of thread twisted hy hand front 
pineapple fibers sliiiE the hide in procefv* of tumiiug Inis heen treated 
with an infusion of the hark of PHA^co^Mum dt rA>. which, like the 
souri v of the leal her itself, is an intrusion from America. 

With the exception of a few families living in ramherins. the natives 
inhabit villages and go to their rancho*. or country places* for the 
purpose of feeding and watering their stuck nr for cultivating their 
fields. The town houses arc well eonstmeted ; they are raised from the 
ground on substantial. durable posts, or 1 atilt of mason rv with a Ijtise- 
iiienl or “bodega./ which is used as a storeroom, inking tip the 
ground floor* Sonic of them are surrounded by Uilconies inclosed bv 
sh ut t e o r by w i ndows w it h 1 m 31 s 3 tme nt l >3 v a I vc she 13 s for pa ties. Tito 
roofs are either of thatch or tik% the best t hatch being that made of 
the leaflets of nipa palm. Many of the houses, are provided with gar* 
dens, in which grow perennial eggplants, red pepper*. imnaniis, plan¬ 
tains, various kinds of Iihjiis, squashes, and ortutnumlJi! ami useful 
shrubs and trees. Including I unions, limes, pomegranates, sour sops, mid 
sugar apples ( + 1 mum Hyittmumi)* Frequently under the oaves, so as to 
receive the drippings from the roofs, an- planted rows of bright adored 
foliage plants; and among the fragrant-flowered species are the nub 
legnas/ the Egyptian henna * — 11 great hush covered with flowers which 
bear a general resemblance to and have the odor of mignozivt te—mid 
the Ikngikng tree/ from which ihc celebrated perfume U made. 

ltanrhosu ns I he country house* arc cal ted, may be const rue it'd for 
tlie use of one or two persons or for it whole family. Many of them 
are intended only far tcin[mrafy occupancy, the adjoining ground 
heing allowed to lie fallow after erops have been raised on it for four 
oT five years in succession. The usual form of 31 small rancho is that 
of a shed, with walls of cocoanut malting or woven reeds and 31 roof of 
cocoanut thatch* Half of the hut j* taken up hy a spht-bumboo plut- 
farm, raiw^l about ^ feet from the ground. This is the fnmilv IhhI. 
Ileneath it are ]iemmd tip each night the youngest bruod* of chickens 
with their mothers* to protect them from mts/nab*, and lizards, The 
largi?r fowls fly to the spreading lirnfotfof a neigh Wing lm- (the site 

41 I'mttiterw edwatfiiiWi* t fa r tifiiryrlitir 
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for si rancbo is aJ ^tiyi selected near a it i Iji ! i , l , i fc r* w trvi ■)« wr upon 
thv ridge of the roof, ur perhaps on some convenient ywVvh in the hut 
itself* where there tire always four or live setting hens in liaskel> hung 
tin the po^ts* Sometime* the whole family remain » on the rancho 
during the week, returning to the town On Saturday evening. when a 
priKvssiun of ox rirts a mile long tuny always he seen On route to the 
capital, so that their ^wiu'is may l« ready for curly mass the next 
morning. 

There are few masters and few servants in I i mini. A-a'rule. the 
fiirni ift not too extensive to l*e cultivated by the faintly* nil of whom* 
even the little children, lend a band. Often the owners of neighbor¬ 
ing farms work together in communal fashion, one day on AV corn,, t he 
next on B% and so on, laughing, singing, and skylarking at their w ork, 
und stopping win never they feel like it to take a drink of tuhn from a 
neigh laj-ring eocuusmt tree. Each does his share Withoutconst taint, 
mir 5viII tm e indulge >o freely in Luhi as to iiieapucUute himself for 
work; for e&pcri«mi,?e hits taught the rmcttftrtty of iem]M*ran(H , T and 
every ouo in list do his share if the services he reeiproeitl, liy 

the time the young man have finished their round, the weeds are quite 
high enough once more in A'a corn to require attention again. In the 
evening they separate, each going to his ow n ninchu to feed hi^ bullock, 
pigs, and chickens: and after n good supper they lie down for the 
night on n lAtndnnu* mat spread over the elastic platform of split 
luniihoo. 

If wealth consists in Urn ability to gratify one s wants, the lajoptc 
of Guam may l>e called rich; und were it not tor the frequent occur- 
reave of hurrinines life on the is land would Ih- almost ideal Nunc 
of the natives depends for his Livelihood on either i-oumicne or a 
trade. There are men who can make shoes* tun leather, and cut 
4 oue for building purposes, but such a thing us n shoemaker^ tenner* 
nr unison wh» supjmrbf his family by his trade Is unknown. In the 

mhUt of building a stone wall the native who has .denied to help 

do the work will probably -ay: ^ Excuse me, Safet> but 1 inusi go to 
my rancho for three or four days; the weeds are getting ahead of my 
corn/’ And when one wishes to get sonic lime, the native to w hom 
hi goes for it may say: ‘‘After S have finished gathering my cocoa 
nuts for copra I will get my lw*y*i to cut wood and make a kiln. 
Mever fear, Senor, you dtinll have Use lime within six weeks*" 

The result of this rendition of society L* that when a father dies the 
wife and children are not left destitute, sis would be tike iu-e if they 
deja uded on the ivmjSis of Ills handiwork alone, lhe erop^ continue 
to ripen and arc gathered in due time by the family: the weeds atirl 
worms are kept out of the tolftLcro; the coffee hushes Ih mi l each year 
under their weight of berries, and the eocomuits. as usual, yield their 
anmiuil dividend. Indeed, in most fuses the annual income in pro- 
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visions is niliply suliivicnt to keep tin- family supplier! with its simple 
clothing, some Hour mid nor brought by the traders from Japan or 
America to exchange for copra, and perhap* a few delicacies, a ribbon 
or two, and a new picture of the patron saint to place in the little 
alcove <»f the side room. where the light is always kept burning. 

\\ bile in Guam J knew of only one gs-rsou on the island dependent 
ujkui charity, ami sis 1 was an old blind woman without children or 
near relatives. Even blindness doe* not make l*eggnr*of the natives. 
On one occasion, while crossing the island to report on the suitability 
of a certain hay as « landing place for the proposed telegraph cable, I 
visited a house in which a man and hi-* wife were both blind. He was 
engaged in twisting pineapple filter into thread for east-nets. The 
surrounding farm was in a flourishing condition — here a field of corn, 
there a patch of tobacco, a little farther away a grove of young eocouuut* 
set out evenly in rows; near the house a thicket of eofFc*- bushes red 
With 1* ‘Tries; about the door betel nuts drying in the sub; at the edge 
of the forest a cow, very much like an Alderney, tethered to a tree to 
keep her out of a neigh I wring patch of sweet potatoes, and in a uewlv 
cleared split, where .the 'lumps of trees were >tlll standing. 1 saw a 
rich growth of taro mid some yam vines twining up a circle of piles 
inclined against a tree. 

A line, strapping youth cut lie in to prepare dinner. He was tin-son 
of the old people and had been is>rn la-fore they were stricken with 
the disease which caused their blindness., Ji was he who planted the 
garden, who cleared the forest, cured for the cow, the pigs, and chick¬ 
ens. and collected tin: In-lei nuts. Hi- dimW arooOftimt tree near the 
house and brought in a bamboo joint full of tuba, delicious as enter 
just beginning to turn sharp, which, utter putting across the top >niur 
leaves to strain it. bo altered us with the mannarof aSiKinish culmltere. 
Tin- next (lav. on mv return from the opposite shore of the island, lie 
saddled the sleek little cow and insisted on my riding her lan k to the 
city, he and the little calf .. tug along l>y my side as tin- cow trot¬ 

ted over the good roads.aiid wading through the deep mud, as our way 
led ucros* marshy places ove lurched hy great bam Isms. On nil the 
farms we passid the natives were planting eoeemnuts. There we re fields 
<,f corn, sweet potatoes, and toW>. The young mWo plants, 
m-ently tiimsplant. il, were each sheltered from the situ l.v a section 
of eon mini! leaf stuck into the ground nt an angle. Everybody 
sei-meil contented and all had a plwismt greeting for the stranger. 
Some of the shy little children brought out by their parent* to u., 
took my hand to kiss it. tis is the custom in the island on the occasion 
of a visit from a dignitary of the church or state or the Lead of a 
family- U seemed to me that 1 had discovered Anudia, ami when I 
thought of a letter I hud revived from u friend asking whether 
1 U'lievod <t would lie possible to "eivilis-.e the natives,’'! felt like 
^Ciod forbid! 1 " 


By IhL iiKOuu d trout. 


The intimate cultural euiiui'etlun the ancient people since 

tln h I'oginmng uf history is mi undeniable fuel. Il is almost n Iniism 
eIlhe original idem* hit Uitl receptions to tin! overwhidiiiui(f nuinluT of 
rt'jmwlqwi tuie^ and M-r even leutfi^l men am hI mijgfly disinclined to 
n (-knowledge indebtedness for element* of culture, test ir interfere 
with thr plmsiiijr thought of development w ithin rtnvV own narrow 
cmie. it is httt natural to delight hi a .itriictura built in the course 
«f many years from the ipuirrip^ of ene ? s own field, but it is ei| nally 
true that tills scnliititfiU un MipiKtiitiuiis lirisj d on Einythiiijr but 

fuels. A migrating idea. iii- the purely ideal sphere at least. could 
remain the names only under the assumption of perfect identity of 
nutlnmil charauteriatif-a and entire suspension of development, Tlu- 
ihM I H h ing the ease, the variation of tlie content* cif an idea among dif¬ 
ferent people* is no proof against ito iiiodiiicatiim from without, Nor 
is it mnvssarv lo lvfute the atnmge yet roimimn view that (h^ [Kissl 
bUIty of the construction of an internal development makes the 
1111 >11 ■ iii of external influences itrinei'e^.iry /' 

In the religious field the victorious course of t hrisigunily front East 
to West is not an taolu led phenomenon, Not only did the Mil hm 
eult pursue a similar course, but we eon titnf ally sec religion*: idias 
fram tin 1 Orient penetrajjiig (tridental vulture spheres. It is not 
ditficull to E ran 1 to the influence of the old Persian Dualism 1 ' the 

■> Tramdnliom alter itvIknii lie the author,, of i Mtlichu Evutlurulcfittmto ins Ahcnd- 
huatr Vortmj*, am 4. Fobraar 1002, tn Krlan^n pduiEtcsi and nuhtiMictk erwei- 
lert veil I ir. liven: Jamb, mo + lVnfi.--.*r -Err oio^ntiiidb'vtieii Spmchen. Berlin: 
Ala vrr :l i u I Muller, 11*02,. pp, *M, VT- S*!. 

i'S tilus in ftlier dm Kinthi*-* de* hirslsimi* imf dm Jiulmtiriu, llnu'lcm, l8fl£ T 
Um fallen inm lelh thew triow. 

' l was led hi the** vfewti ^p*-bkJly by the romfitaiUve study ot Fenrimi and 
Amble psjts, Notice. fi>HftrtfUne p the fnspictwy ef the epithet (rlmii) in utm- 
im'tioJi vi il.1 l the uauic- of A Hill in Petri on poetry and swell fur Arabic parallel*, 
Mirny 3Vm.ui i^piji’r|.itieiis have snrvivut Til Miiliainniidnii writifijci; thus the Inter 
Turkish Kyrfc fvwd \*Ant bi i%mtuel with middle Prnsifen scHirtses. On the other 
1 isiii 1 1, rhM iVrrian rom-e]itJoas wen* Utter forred int^ tlie Knmn by f JnuTllng tI ik-hh 
wilh KSicb wonts as ?idra i SiW -M r tH p Jftb kinthnr UOSb rinit ^:(| T hrthira 
1711. Hb 
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unfith* p S4-s between God mid tin? devil, In-twcea this wcirltl and the* 
other world,, Iwtweeii elean rtrul urn-leaii, which were but gradually 
adopted into tike- tin motlie is lie religions. Old Persian idea*, especially 
those pertaining to tinal things, as death, the judgment, and events 
connected therewith* pervade (JbmtiuiHtv + Judaism, and Islam. and 
through the? minium of the former reached even the beat hen Ice¬ 
landers, so that we again meat I heir id m& point for point in 
the Eddiu We need only think uf the wGrld-trcc (the tUM of 
the Mohamraetbuis— Yggdrasilj, the well containing the miracle- 
working water at its. foot (called nl-Kautbir, often only al-luiiid, 

the datem” Ful's well). the bridge of heaven (Avestan chin vat, 
Arabic us-si rut, old JJorso Blfrfist). hut jmlicularly the Dusk of tho 
gods, which ogress in all paints with the lost judgment as described by 
Moslem theologians* Here we have the blowing of the horn, known 
from the Koran, which in the Edda is performed by Udmdiill, and, 
the wide plain Ursat al-lmisat, or eahra-i-meli^nher=H'igrjd]; the 
^ beast of I he earth,” which is to come out from a rock Assure near 
Mecca, c orresponds to Fcsuris, and Daggfil t h p the Antichrist and LokL 
I could enumerate a long list of such parallels. ' For sonic of their 
ideas the Persians may have received the first ^suggestions from the 
Ihilivlonians, though it is at present the fashion to overestimate the 
BaliyIonian inductive*/ The world view of the lkin Icpnmiis still sur¬ 
vives in our seven days* week: in fact, only lb rough this world view 
run the astrology of previous centuries be rightly understood. 1 have 
already railed attention to it in my initial publication (IW&T)* Winds- 
ler J bus explained the symbolical number seven and the unlucky num¬ 
ber thirteen from Babylonian conceptions. The latter have to the 
present day exercised a mighty influence upon mir economic life, and 
thus on human culture in general, through the fact that for the ratio 
of silver to gold the old norm from the mint regulation of Darius 
remained in force till the fall of silver. Wrackin' 1 has shown llint thin 
relation represents the time of revolution of the planets correspond’ 
ing to the two metals* the moon mid stm: that i*. 27:EtiO ( UlSA). 

iJ i H tho li iv rut11n■ hearmji on ihin snbjisa may In- mcuticrocd: K-■ ti■ 11. ("ehcr die 
jLidi^'he uml U.unfni.^r^r in ihrer Abliong^keit vnni IVu>mihi» in 

Abliaimlhui^ruln r I'Mii.-vlaa Mur^rnlfmdlHlicn c 4 T I Sttf. anti Wiw lull 

<lie tjBlnmdk-H'hi- Eadutok^le aue item tmipaioiiniUMi? in Zistachrift Her 

Itatiterhcn MiiruvnlfLiiilisehcn GtWb^hah 21 , iwii: Ernst Tf>kIon, Hie VarwanCiKhafl 
der judiMib-christiicbi’ii u li c tier purnsrhen Italiutdogie, liOfrttLn^n, II Hri. i nite 
r*re ulso Elan I Hu^o Meyer, Yrdusp*, Berlin, Ifffill. 

£nr hnUanri 1 , llapi W milder, Die Inhybmiprlie Kuhsiria Ibreu BedrhUD^n 
mr uusn^en (Lripju^ p LUti£i, auc* loa hi r when lie fp P derives oar clHH'k ftuv frmn 

the Babylonian doable hour. Tin- dJvilnriii in twelve ho lire rather pfoes lack tu the 
pan L'liN-lf sue! is f■ ► Ir* explained from the (m l that theeuudoof not ghfae during the 
U%bL S-i u]mo unr lawk bet-r (p + 4&J lia^s noth Eng In do with the skin* uf the ftxLEitr. 
hut is due to ^imipthm by j popular etymology ol Elmbeeker lht-r, 
dt * 

Ibidem. 
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Kven tdight deviations from this norm caused in the nineteenth tom 
tnrv the greatest crises* The mil relation could only in most recent 
times prevail against the tradition, 

But we ran tmeo the connecting threads still further luirk. The 
Buddha legend iw ^Barloain and Jnsuphar* w«* during the Middle 
Ages a hook of edification to i hrbtums, Jews. imd Mtdnimmcdftn^mid 
at present the Hindu world view h lie-ifinninj^ to play ei role in the 
Occident through the medium uf Sdiopenbtiuer * and the preaching 
of Buddhism by the tbec&ophual societies/ 

( In literature which occupied our youthful minds, and influenced 
perhaps more than we are aware the development of our ta-te, orig¬ 
inated to a great extent in the Orient, not only the Biblical iiurrtt- 
ti vex tmd the stories of I lie- Thousand nod One Nights, hot also 
many of the tales which the uninitiated considers of German origin/ 
German lyric jwetry t whosn creations form an important psin of the 
literary wealth of the [people, wo* during the period of tin- flour- 
filing of the church hymn predominantly under the influence t>f the 
Jlehrew Psalter. And in tin- nineteenth century 1(itfur. less through 
Goethri* West-Ost lichen I>i wan I hau S h rough IktfVnsledtV M3 ran 
Seim tty, which w m printed in limre than a hundred editions, exer¬ 
cised rill influence upon our love poetry which t an not tie uverestiinritefL 
The iiiagic-hintern theater (onihrex chinobe), esjwially cultivated by 
the Koiimnticists magie-laritern plnys were written* uimmg others* 
by Just in us Keener, ami an afterplay to it hy rhland* l'hr. Brcufaiio, 
Achim von Ariiiin* Count Porei came from Italy tu Germany hi the 
seventeen! h century, but was already flourishing in Egypt in Saladiu's 
time and mu lie followed up (ill the eleventh century in cost AshC f 
Goethe Uirmwed I he ideas for the prologue of his Faust from the old 
Hindu theater and the Book of Job. 

Krrenll v the eouri t beaters of the most artistic city of Germany did 
not disdain to borrow from Ju|jau the revolving stage^ invented In 
1TCHJ hy Naniiki Sehuxos, n stage arrangement which with practical 
purposes combines iclc-ikl amis. 

The most finished editions of architecture lielong lo [lie Middle 
Ages, as we conic more and more to Wen. No other tftylr rtipa- 
kde like the Gothic id distributing the |na*ses harmoniously and of 
trtuinforming heavy masonry into light effects, The horizontal lino 

■An l&rtmetivi" nimfsarism ■ ■: tK h< sysuyus of this inert jmfmlnr phikeoither with 
tin.- systems of the Mini I us is found in Mux. fr\ ikeker'g SchojxMi turner iiml die 
iniSiSt-he Hiih^e|ihu\ Kulri, iHtlJ. 

*Sii, |W 3 ijj4mjhv t Th. Schulixe, IW HwhLhis-iniis uU Ruhjdan +1 er Zubiudi, ^1 edi¬ 
tion, Leipzig 

■' For exioni'K cou^um- UTliicim lieiyvr l?w knCtd^^/hiehlhehr ILyjdt’iMimi; dm 
itnli-tdien Altertuins finan^und addre^b Erlangen, hud, p. S. 

1 Compare lb .lio.h, \Kl* Hr Ini tent heater in rcltmr Waiulbfinij£ vatu Morgi-ifland 
3co E] l AUmdlutd, Berlin, 1WU, 
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of tin- antique is something which does not occur in nature* * Bind 
n violent (.toss i xig of il Bind the tint roof are uini^thetic fia the 
Inchest degree. The grand development of (lothic a re h i to ri u re is 

■ LkL 4 - to the many methods of overarching the col.ts which made 

the pointed urcli jiosSiihIp, Now w here dw 1 * I hi- idement. which 
enabled nnr great masters to produce their wonderful creations, 
first appear m nu artistic mean* of au-ehitorture' In the Mosquo 
of [hn Tu tun* at t aim* which wns erected between >7^ and S7h; 
hut probably even earlier in the Miqyas (Nikmieterj* On the Nile 
island Kochi." In art industry our dependence is still more appar¬ 
ent. With all mir technical aids wo are .-till far from attainlug the 
nobles! productions of l he oriental text ile industry r This is brought 
home (o us. iv f|Ii regard to the Middle Ages, by the raiment of 
idd German emperors bearing Arabic iiiseriptiona T and with regard 
to the present time by rxaminmg the colors of genuine carpets* 
nr the gloss of genuine Prussti silks. And a> in textile industry 
Lin mi gave us silk, so also in ceramics that country taught us to pro¬ 
duce the linest material porcelain, lint the influence of oriental art 
industry reaches far lieyond the mere product ion of materiaL Every 
connoisseur of our modem decorative art knows that it owes most 
of its sugge>tions to thi | hi ii. “At the Paris egpoidthjn/' the expert, 
Adi. FUelicr, suvs, "everyone familiar with Jujum could have con¬ 
vinced himself that the artists of the various countries often adopted 
1110 idea.- of some Japanese artist, Thus, for instance* the ^mcclain 
factor) of Uu^KCintael appmprinted the glorious (lower and bird 
sketches of Selugeniasa." Fortunately. we lmve learned tit last to give 
the Eastern (taiterris a Western surrounding* but one familiar with 
Japanese art will frequently diheern the exotic master even in the 
creations of modern naturalism* which qgain lovingly ^Indies our own 
tluni and f ml tin, for w hich the classicists lurked perception* h HP (hat we 
suv justified In asking whether this whole tendency* which appeals 
to us as something native, dom not after all owe its development to 
the intelligent study of a foreign culture,* Om w ho saw the plates 
id the elegant Vienna edition of Schmonuiz. Altoncntalische Glns- 
gcfiK-i\ which appeared in 1898 [e. g., XXlXh will mognbee that 
also this branch of our modern art industry has, in its noblest cira- 
tii in % copied the Orient with greater lurk than the until pie. Thi-. 
opens wider vistas concerning the influence of the Orient through 
art industry. Thus Wilhelm ttode^ points out how Veil lee* which 
in the fifteenth century reveled in the glory of Oriental tairpets, 
matured the grandest school of colorists in painting. and indeed l lie 

«■ Couipun* Erani’T^^het, Die 1'aukmisi (M Islam* Darnistiuft is77. f>. M. 

Fj A e« ^«lI purvey of tin* chamctuT of Juiultusc eirl jh piven by Milk UnitLmimi, 
Krctut unit Kiinrfpi-werlie in Japan i lwmn*i. JJaiplicin^ 1883, 

* V®Ttienuintkehu KaGpOeppirh^ |mus), p. 4. 
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thought suggests itself that th^ eyes of the Yeiiutiim puintens were 
trained in these surroundings* We leave out of eonsldcmtkm what 
the antique on Its part owral to the Orient and will only n&fbr\ con¬ 
cerning the origin of the gum, to the ro-snlt arrived at by Fiirtwungler, 
pf Mtmink the giroitfest expert in glyptics: 41 

The jilypliiMH none <if tla- epontiirusnifl arts which ufou uxnl ilnurisli rwn-wbu« 
where men attained a certain rk%Teeof mining It seem*, duwly **wii F to 3m.v>■ one 
original LmIim' i ii which till the oUiur casua of its Apjw^nwne mon* urKw dltwtly k« 
iju.rk| shut ir. r Babylonia* 

And the gem* again remind me of the Oriental origin of the fabulous 
animals and heraldic einbleuLs/ the double eagle is* els it is well known, 
Uittitc. 

The spirit, tin* form** mid product* of the Orient everywhere por* 
vude and transform nur hn nu% Before our windows blossom the 
tulip, the imperial lily- and the like, transmitted to tis by the flower- 
luving Turks, to whom weprokibiy alsoowe the burae chestnut. The 
eggs of the lien, a fowl originally (ruin India/ and the *pice» and 
other praduets of the Tropics have become indispensable NiN'iwitlrs for 
our kitchen. Even the old Uemuin millet-pap had to give way to the 
Arabic eoifee. Nay, even our idle poatimes liear the stamp of Moslem 
custom, for we ow e the gamiN* of rliess, checkers. and playing cards ■* 
to t lie MuluiJuitiediuts. 

But let upturn our at ten Lion from these small matterrtkJiiioieiiiijKir- 
tatil elements* The idea id phonetic writing, ns is well known, had 
Oldv one source. All the [mlodrermunic alphulKd.s have a common 
origin in the North Semitic (PWiiiciuEi m; more correctly, the 
OiEitiiLiiitishAnuneim), That also the South Amine diameters arc 
but secondary forms nf it was proveu by Lidzhurakil/ notwithstand¬ 
ing the attempt. to reverse tlie relation* Even the Dnvanagari srripl 
with its family goes buck to the North Semitic sumw. l ' Wherein 

*Antlkft{fcimn*n, vi>L 3, lECfl. p, 1. 

A Edward Thunuis Ru^rn, I a* hktfeuii eh ex lea nrinct* iDtttdlnuuH de I'Egypto et 
de In Syric: BullHiu de I 1 InMitut egyptien (tftfaiiredii 24 . der. 18H0] II. Cains 
TSS2, pp. KS-I3I. 

■ The rod her .if die Mining.- l*ook r Rembrandt hIh Endeber* had the uiMortmtu 
to vnntrart ri-Ulk edition, p. 43} the lira, os t^Kwvnlallve of the hcautlEnl of oar 
j | m 3 ye S'jJUmu, w 11 1 l 11U! |utr^t Tim e*xev | ►tins n a Ldik- k t hi* Koitlhmiiilf ph i lotio] dier to 
the H^ilms H] the parrot might .Abo hnld pa *1 with regard to the roller* whkh like- 
w ine rcnmXns u tiemmn kid. 

JiavH shown In the ftwtaplirift dvr iMitschL-u MaT^iiloiidiBctam tit-eellHrliftft ftS 
i Lj^Si. iUt^- 350 , Ihut the Spanish M tiaij»e n — playing I’onJ —hs diMwi froiti the 
Arabic tilth, t^y- 

* Tk fc r Urwpruiijr iter non bund e>i1d#einitiAetien S^^hrift; Ephianerii fur wxnJtiJsetMj 
K|<iE>Topliik 1 yoL L j flirt 2. This n t^-l 1Ly mart^rly tmttta® ^hoatil fnrm the 
*-niiiii]g jKiint ftir nil further kv^tiisitiotis in tlu* litdtl. 

-M 'ompam <*. Biihkr Jndhcho ]'n3ais^r.i^hie ilpf indM-iLrist/hen Fill- 

Setkvie k Stfosaborg, ISffO, p. 17 ff. 


sm i —aa 
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consists the cultural value of phonetic or letter writing? It is mit, as 
many assume, in facilitating the reading, for psychophysics has experi¬ 
mentally established the fact that we, no leas than the Chinese, lend 
not letters hut words. Moreover, nimiue run easily convince himself 
of this by the inability to at once read fluently a sentence in an entirely 
foreign language. 11 

The drill instance that we road wwds wpkiiis the tendency to revert 
tu ideographic writing which we can observe in all rnraives iitid espe¬ 
cially in the mime rhiifrv whose dissolution into their letter constitu¬ 
ent must l>e foregone. This is theoajy excuse fur the mkcliief nil led 
orthography, which gmilly nullifies the use of the invention by etnii- 
peUiiig ils to express the same sound through different sign*. a* in 
German v and f and different sounds through the same sign, etc, Still, 
even in English, where a different vowel from the one meant is fre¬ 
quently written, letter writing hits considerably simplified and facili¬ 
tated the nripiis.lt ion of muling, and that means the spread of culture. 
Its effect ska reaches beyond the limits of nationality and agi% and, 
finally* only through il could printing with movable typo have become 
effecti ve* To lie sure, our writing is phonetically still far from perfect. 
The forma should in the first plaiw indicate thn articulatimi, and similar 
pruciwaes, such a- modulation undaspiration. should k rx|m j snrd by 
the formation of the letters themselves; further development of the 
sounds is conceivable which would render Lhe writing simpler and 
mors practice L 

The invention of l he tetter alphabet which we owe tu the practical 
sense of the Semites, and which was iml essentially modified through 
the t'liissiesil and Christian 11 ermunir culture periods, is such on 
important achievement that it* historical u-p^t ls worth consid¬ 
eration* To the spread of the Semitic alpha kt in the regions 
known io* its home, tin* find of Tell-ehAmanm furnishes the furthest 
limit in time, for as it prows that cuneiform w riting was then in 
such exclusive use in Ciiinum | hat even the i'anaunitudi gfossei 
arc expressed in this < nmkrsomu script, u Semitic cousonantei w rit¬ 
ing could hardly haw existed there prior to 1400 B. 0,* The rinse 
rduliiPEiship between the writing of the Moabite Stum iMi> B. C.) and 
the old-Ammemi monumente of Scnprili (eighth century li t .i faults 
to establish li eonunuu origin which we can not well push Iwick beyond 
the eleventh century B* ( 1 see, therefore, no cogent chronological 

arguments against the recently asserted hy]iothc$kiif (he immigration 

d TTio Greek draytft'tLHfKrtir (pnparly, to mognim attain) uxprv^.^, thiwiutv, 
ttKpri'^rrectly the |»nwi>*< tlum the Lalb 4J legerc d * and the Grrrn&ii “ Icmd,” wtiieli 
ffipitHirtit only tlm riemenlury plus- of nxiding if le^vru guftRcstB the tjol 1 1 siting of 
iUl- single letters jnl druyir i Mdxrt# thv of whole wink. 

^Com)Anji UdilMrvk^ op. dl. 
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of t hi- li I pliai Ehl- t into Ftdestine witli the Phi tig tine* from Orotic 1 * As 
regards the inscription* i li servered by t'vnns* in 1 rcte. even if. ns 
asserted. they contained the mother script of Hie L'fimumitish alphabet, 
and i h>- Liky tablet archives of (Hossii*, from which the dedphemmnt 
will probably have to atari us soon ns they are cample tidy published, 
unit I tuck lirytind the fourteenth century B, Ik/ still we have in the 
Orient intn-h older 'Vstems of writing, licside* it i* far from settled 
that the question i* hereof h purely letter alphabet* The very rrnrn- 
licr^Sof the pictography discussed by Evmttf i-H agmnst this li^uinp- 
tion. II. Kluge/ who rends? them a* Greek characters* had to employ 
iirhitraiy idc-nfcHieation.H of different sign* in order tn reduce their 
number. Of the many iiaprolnbililies of this attempt at decipher¬ 
ment may lie mentioned the assumption llmt the original rowels 
hi t-amr Semitic bryngul -signs, while 11ic opposite development apfieiirs 
ns the only natural oih\ Furthermore, according to tin- original 
forms assumed by him for the Cretan lineal sign*, they should ImVC 
something in ruTiimcm with the later Greek writing iiH-ontrnat to the 
t .sirmsiuitJsh* hut on tho contwy the dw^udeiH-o of I hi- Greek form* 
on the Cnnsitmiti-dt hits Ijeen proven with great iiciuuen by Lidzljtirski. 
The testimony of Theaticlente themselves T but the letters of fsidnms 
went buck to nn Oriental hero would have little weight if it hud not ti 
strong support in the unmistakably Semitic nnines of the Greek 
character*. 

In the Middle Ages another Hcttrpelv less grand aehieveiueht of the 
human mind wn* ttwisinitted hv the Samveue* to the Decadent the 
Arable system of iiiimoniJs. To estimate the importance of reducing 
to li consistent system the posit ion value of the signs wliieh rest on the 
Invention of the Zero, we must rerat! the utter impossibility of c*1lu- 

htliug a logarithmic table with Greek or Kotmui .netals, and the 

absolute necessity of this auxiliary for nil modem mathematical 
sciences. Even the simplest arithmetic jlS operations, u> divisiom could 
not [Hwsahl v be carried on w ith the antique muiH-raK und it requires* 
indeed, a kind of fanaticism to prefer, even sit present, on title |Higes 
tfUeh modes of writing us t'JDl;X TJCLXXXVIlL rU%, instead of I&NH. 

The form of the Amble ciphers exhibit in many directions remark¬ 
able re In t huts. There was. of course, tunny attempt* to refer them to 
an Occidental origin, but these attempts are to lie taken still k^s seri¬ 
ously than tho&» concerning letter script. The graphic evolution of 
the Arabic numerals from the Roman, defended with much skill by 

® A. FHr*. Die ncniwitc-n Fiwbwsjjuu (ihtT *ten F naming lb?* A-tuitlwhe& Alpha* 
Ispta-, Zeitrehrifet d*.-* iVnUscben FtaldiAina V«vin% msi, 1 S1H>. I1&-13M. 

>> Arthur J. Evans Frimidvo lli-^tgraph* mild a pre-liia^nidasi i-rripl Ircnn Crete 
null she Deto^aips-M 1 . The Jj.iinjjil *4 Hfllunic Stililks, xiv, I^Midoni, |S'^M P pp. -"IV 
:\TZ m i Karther tHyeuveric* «d Crrlati and /F^ean Script* ibkL + svii, \M7 t p$i, 3£?*4Mi 

'■Atta™runi, Hay ID, VM\ p. *134. 

4 Dio Sehrfft (li>r Mykcnicri CVahriu 
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ftedilhu.' 1 is n mere piny of fumy and on not bo followed up historic¬ 
ally, und one should introduce ns siti argument fur it t In- iii of the? 
rock inscription of iho leivth century hL Tor, n^ar tins (inI f Suez. writ¬ 
ten in Human fashion immediately before tin? Amine nmiiertiln + * On 
the other bumrl that the I Ovarii or Siyaipit ciphers, which show sonar 
gimilnritie* to the common Arabic numerals* iim^ from the ablimvi- 
nt01: l , \ m bit ■ n um 1: m U. was a I ratu ly n > rrev E3 y ret fc r n jze d 3 > v ! >0 Siu ■ v.* 
N1 1 vcrt hole*# the I tid inn 11 rig 1 n of t! ie A m I nr ti 11 me mI .% uc know 11*d get! 
by the Arabs tliein.seIves. uin now In* considered 31^ absolutely certain. 

Prmscp’s view/ 1 that the numeral* of India developed from the 
initial letter* of the corresponding nun liters, dors not take Into aero mat 
the possibility of umdeutftl sin li lari tv between simple sign-, 
regards India cipher* 1 3, the formation through the dorresjMjndhig 
Humber of strokes would at first suggest itself," but foreign inlliieure 
is probable, ESllc our first task, laying aside ennji^tmes. should be to 
coiled all the data on Tile ciphers . 1 Woepike '* rf assumption of <i m igni¬ 
tion of the Indian ciphers during the second or third century to Alex¬ 
andria l* wholly improbable,and also devoid of any proof* Alexandria 
hud ini need for foreign numrnik and ihi- India system, Indug at rlmt 
time still without the symbol ^(zcrohhnd no niaterial ad vim tage* over 
the antique, Rather* in their course to the west, we first meet the 
India numeral* among the A rubs the carlicit documentary proof being 
fmni-ibed by the Fayum Papyrus Vo, 7'A%. of the Vienna ml lection of 
A- IL (—- !S7 h- 3-74 A- lb).' Tlie west Arabic rather titan the east 

rf £*ir de bo* Huff™*, h-iinuU- M_ i„ Am. S'-ilUlot a M_ Ir pfiiu'u HultEia- 

siir l U hmx>eh 3 iagn l. K xt mi t < ] 1 -m At tin Id (' Amulet liiu 3 >m m t i ci- 'Lt *\y N n* it i 3,1 in vi, Tun w* 
sviii-.\nnH> xviii im? Yu dd - A prill?, ISflT^ Knme, ]S4*o. twperinlly p. U, 

*Cdm[cue Tt'Lisr h 1% der DentBch. rHl h Is^fi, p. =h.i. 

nui]injure Anitas aL p vol, E„ Pum, ISBI f p. HU noil 31 Lute viii. £xahi]iIc!- (if 
tin- Hiy:y|ai nmncmb am also L>uin.l m rln- pnuTSilln^ of [ 3 hi- lEjanuuioEial i ^ 
of OriciUolists at Meaiiii* lKSS t .SlcUoii, pi. ti. Turkidt MSS. ul tbe Lfijran 

of the tkuischv Mnr^trfli *ii«fllacb.| of the old citaldgiw i II r p P :Ssj>. Tho 

|ifiot^ni|iTi 4 d iuirhtli^r Tnrkij'li linemoent with Siaknt rljihi'rfy i]ji* urigijitil of which 
y in the KiLiiogmptiicml Mnsenta at Munich, wsis wot iih> :l IW dn + vHa^*hy hr. Biadi- 
iiit. i yimt rimnl ^'usi Mtllinen, wlio tir>t 1 Tilled my ntteiitkrit tu tbii script and 
wlm kindly !« 3 ao-d at my dUjH»jd Hum- tumlvm examples of iL ndi-rs me Ut Ismail 
fiTudiL bln Edhem* Tjikdtudoinvkukliitd-.^ddstJinkijje, Con^iiinripioplc, Um, 3^. h=hI 5 . 
11 J 1 nifEuLl ■ >[ lJ tv A- 4 iitie Hirt-ict y *hf Be ei^lI , vol . vil, |uirt 1 , faEn tl till, IKW, 1 1. JS 48 ff . 

" (’[iiiipem* Uijhk r, Tiulk-hu jdiic, 3d, is P 

. f 1 refer i& KMEitigV syaojpawof the AmrnMiieSptivnt in his XcihisttLi^’lii- 
V* f4<izl#r»k( t HuadtHieh doraordjjiitnHi^rhen Ef^trapHflti p. lintthoM 

4 mndH-rumm 1, Die ZjUilmieli> L ii, isiftc i>n tho oTulutinn uf cipher w’riEiny 111 

Intliw. Bidder, Jndbrrht:- I’m liitHUrniphle, pi. is. 

sL S r 3 u jm^w^itton tii* chlSm lieUnr^ Jcrartiiii A*wtl<p^ H-rii- vi, 
Tome L, Im 

A l iitnp. Kuhrer dnrvh die ViL^iellnn^ (Papyrn.-i Krtherv^ Vkiiner.U 

I ip. JLiS-JJ,; lor later pron.rlsjiL m \\ iviiorZeitrchrift hirdio Knndcdor Monica tandem 

xi T im t p, 13. 
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Antitit miiucnil' iVsftnMi' ours it- well ns llwsc of Itidhi, Ih'<mu^c 
tlir*y liuve nmrr fuitlifnlly presum'd thu old Anilm- forms, The his¬ 
tory of writing offers in tills respect si ptimllel, since the Maghrib 
iilphattet stands in ninny Nttperl - mueli nearer 1 lie Cntic than does 
the NVskhi. The ciphers of 11 Sliintss miMUM-ript of lh<‘ tenth ven¬ 
ture 1 shows the transition of the older Islamic fomis into those ut 
*■ 

present in iifse in the K&at* 

In earlier times the zero win* represented hy a point; the circular 
form is secsolidary* U. Hoernle* lpoitisvcea he recognized tlm> beginning 

of this 4gn in Indin in the fnigrmmt* of un Indian arithmetic recently 
discovered, which hr would ascribe to the third or fourth century A* I 
mxd in which the point Is aIso still employed for the unknown ipum- 
titv* If it must lie admitted that them is no inscriptions! evidence 
for the zero before the eighth century, still them are indications of tte 
existence in India even lit previous rentitrirs, I also believe I hat there 
is another series of phenomena connected with the history of the 
development of the aero width until now have not Mm considered 
Ultdcr this aspect, The If reek philologitui* used at first to mark pas¬ 
sages which they euusidemi as not genuine hy it horizontal line culled 
o/frAri;, In the Ilenphi of Origin the ofitkoz upjH^jN in various 
forms without any addition, m hypoletmtiseina with a point under- 
nenth, as lemniscus with two points, one above and the other underneath 
ihe line. As these signs are used promiscuously, those provided with 
points probably did not originate with Origin himself. but represent 
attempts ut explanation by llio acrilx« + The connection between the 
iihehis jaunts and the canceling point, w hich writers of different lan¬ 
guages of the Orient and Occident place over tetiers which we would 
erase, h evident In Latin ihis process was already in the fifth cen¬ 
tury in vogue, J As regards !*m i k * f Syriac, Armenian, 1 can only assert 
the fart without being able to Kx the date of its U^aning. In the 
Hebrew Old Testament, too, our texts mark even latter to he can¬ 
celed hy n piint over it (eomj«m\ for instance* Genesis xvi, n), and if 
ail entire word should not he read the point is repented over every 
leLLer of it (eomjian\ fur instance, Genesis nnxiiL 4) + in lValin 
XXviU3,is even found n mark corresponding to the kitmisrus; that ta t 
point* above and under every letter. The mentioning of these points 
in the Talmud 1 shows that they are older than the Musoretfe vowel 

" JteprrHltHferf I iy Wi*■ fKke T up. riu* p. 7 \ i4umn l 

40n the Bakh-hati iiuinmn^ mshe Pitwvoliiagsd IheVUtb totoomdotulCafl- 
Hn'ss ot eniralaliMH sit Vienna. Aryan hWiul, |«p, Utt-ld* Campm- aha U. 
LlakKTlnndt, Zor lj^s. hn:li!e iler Jldll.insterr^ hL^'bif Man^wliijh lur ilen Orient, 
wiun< isiw, voh io, pp, im-tm. 

Mnuruv I 'n m , tfanuel de HaliViunipliie luting et Irauvtuw ilu vir mi svil\ rfjC-chj^ 
Puir. > '1, J S , 1 . 

if Ci ittiiuuv teinltlianseti. ^irit^lsiwzlie 1'iJaei^mphie, I.eipKiLL, l^i pp-S7ft-£IHL 
*iXrBnljylntiifli'JK! Tutmud uiM^antvim WunBthe. I. HuiOUiml, p, 5 h 
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system which Iho Talmud does not yet know. The einle (circellue) is 
met with in the OJi! Testament canon when tin* reading of the text is 
supplanted by a Masoretie marginal correction^ which appears in our 
editions ns n footnote. A sinall circle with neguting force is also 
known to the Arabic popular script which arose in the period of the 
Oinevuds. The* well-known Arabic sign of vowel lessm'SH, l ulled snkiin 
or ji-ziim. i, perhaps not mi unimportant connecting link in the history 
of the zero. It differs, it is true, from the other eases in so fur that 
it negate* the vowel, not the cnoaonant, lint Nbldnkc. in hisGetuhichte 
dcs limiiits, pogv lllfi, lias also adduced mi instance of the latter: in the 
t idte codex, \\ etasteiii. u, s. , No. a yellow Kero appears a* a fan. 
Ot'Ung murk of a consonant,'' In addition to the puhargniphicut wit¬ 
nesses enmo also historical ones. 

In a poem composed by a Hedonin during an expedition to Cyprus 
under the Oil if Al-Waltd Ibn Yaxicl {12&-SH A, II. 7-fr. A. D.I.Mbe 
author depreeatral the sea voyage, which he would ghully exchange for 
u camel's ride, resigning wages and heavenly reward to others- if he 
hail hnl lii'in laud beneath Ids feet ,he would at once desert: ‘‘Verily,” 
he exclaims. “my name at the roll cull will receive a circle.’* Positive 
evidence for the existence of t he ucra sign hi the Occident mid its Latin 
name eifra cun Is* shown only since the twelfth centurv/ In the six- 
tcenlli century a division of meaning lakes jitiice so that tlie word in 
the form of “Zero' 1 preserved the old signification of mill (nero), 
while in that of “ eh iff re," cipher, it was used for any numeral.' While 
1 readily agree with Kramlmehcr that the word sipos, which twice 
made its appearance in the Occident, ran only he frjtpa; (psephos) 

1 know of no phonetic And lie parallel to the derivation of sifr from 
ftftf>n{<po)pla (psephoplioria), SSifr occurs in the meaning of “empty,” 
even in pre-Islamic time.' We shall therefore have to accept the old 
explanation' that Arabic sifr in the meaning of aero Un translation of 
the corresponding Indian simyu," Asm the enseof the sign foi no value, 
so also from the Orient comes the High for the unknown value. Here, 
too. most desperate attempt- were made to 'how i|- derivation fiom 

« Wt employ thecnncalm^ |*unta at an crasLsI u nd uu<l (hey icier then m lIic 
rruHitp. 

feKnchfcki, DvtecUi* veiemm ramiianrii AiabEmnini, p ijL'. WelfhimB-ii. t>ia 
KanipEe dcr Amber luit den Komiern m 2i*it tlrr [ miijukii, p 32; 

Kitrl Krumbadter* Wnh httreiaiaitit iim \%%>rt Ziftor f i-hJffru i ‘ in iVielmn, 
f.unli- h(,h jihilolitgiu ii&ven^tie i BibHoihiiiua de I r Krolu *iv* Jiunt*- iHuafet-. AS) 
Purk im r p. lUT. 

knimUuJier, up. ciL t p 3IS, 

o«l- Sdmtlhr«s p ^l* si. emnsLhlftirafimM witibM [lumnimnu? Mil- 
^unJi 7, 3, Iba ii-AtMr # L p». *t7w, 

/ Ww[k j ke. up. rit_ p T ry*L 

'* v< " k] l "’wvey rif lhis .jnclten is l:ivi-h by Mcniuuiti S-hiilierf, ZiLhlwi iuxl Stahl; 
\ttvlMM HoUxendorB’adw Vnttiiqai, Nun- Folac, &J Nrk«, pan It. I bonbon.'. l«8?. 
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tlu* antique culture sphere, itiid each theory had adherents. Unis, 
according to Prouliet* whom V. Homy still praises'' for his“inge- 
niou(i' T idea, we must teliave that our X wa» the Roman sign for 1,000, 
vi K , *(=0110), for one say*: “He eats for 4," etc. One would 
expect that uiuthematidnus. and capedally arithnMtimaim, would lie n 
little more precise in handling numbers and not write l,o0o for any 
other number. ldtsurilt 1 , a* is well known, has proven that the X of 
the mathematicians is an abbreviation [, f the A tabic word shci, a 
th i n g,” “something,” which as early as tin* eleventh century was used 
to designate the unknown, and which in the then prevailing Western 
transcription was rendered by xci mill still appears in this form in 
Pci to ilc Alcala. 

\W have thus seen that two of the most important foundations of 
our culture, the alphabet and the ciphers, were gifts of the Hast- in 
order to obtain a mote;definite judgment of the share of the Orient 
and Occident in civil bung humanity, let us now turn to them dweov* 
cries and Inventions which have contributed most to the mighty lucnlnl 


pTojfrt*** pf tht s last centimes* 

Wi j In^iti. UMHitjfri>w the Minis of nscujullod HumsnHfli* Uiif iig@ 
i# in trtm^iticbi from to Mental tnnnits 

niv never formed from cloud mists, but need a concrete basis. The 
brad foundation of our modern world view is the result of familiarity 
with the spirit of foreign oiviliaations, aad these could enter into our 
horizon only after the invention of til* compass, which made naviga¬ 
tion on the ocean possible. The magnet lieadltt was known to tlie 
Chim-se even in the lieginningof the second century A. I)., the most 
important evidence of ties fact being given in Klaproth * famous let¬ 
ter to Alexander von Humboldt, Sur I'invcntum do la bussed*'/ Ibu 
* Ad hart quotes an Arabic verse of #54 A, !>., in which the qarnmft 
(--eulnmila) is mentioned in a connection which would imply its ix:fer¬ 
ring to the ship's eomp&a,* 1 

The work of civilisation needs periods of peace. Fbeae wo owe to 
the improvement of our military a Hairs, which have made war more 
terrible, but also less frequent This, again, was made possible only 


u Rfiyiifc^ ui^iiVikiKKiUP. Nuuvtjlle vol. <w, {> ■»- 

tHHHiiiii dm KrSer ttnthi'miititar: MHlbm Liiii^n, l^b vuL 

L s pp, UH-liiT, 

. I Kai^ mi (abbn?vl*to) Ui <i« rtuaii by A* WitteteLn. taiprfg, W^h 
r/ Al-ltajiini^ 1-mndjinl\ til Doiy, 1MMS-*1 T VoL H t \\ fNj 

U 3 $ „f the sk-^iry 9tni ufto J-mnuil Amtiqiii’p vi, M p. lT4ff.; Htt-isi- 

-i buuitb r. IntoiiioaJ alruriJ |^a il’npiwiteil iii^lbevnn h btlvi iiliiiiTikiiism, 

1B71-_A. Srhuefc i Hut Eutofu cluu Koaijw-^ uIrt Arabien >hIvT hnl ibn Anhftift 

v <h ri Ktmifrft t>rlirtUri)'- J Anilnnrl* 1 A, \m) \m but mijiidlatcd with fliu mipivtuil tea- 
tlibimy of Urn fc AtIMri r lUibou^h it w tu 1* found in H Wi«k-iiuum T I'kr dto 
Nulorwiasetuffihoitfii bei deri p. *0, ami tlmn arrival at wn.nn miirliuiona, 

nw the i;;trLiL-ri Antliii' itiforincKion known to biro fialtT* £nmi the Lhirtetmlh rttiUury. 
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thfl Umatim of gunpowder. which gave to the Intellee t ual element 
the sole nwatery in warfare. Tin- it priori conviction of many that 
only the Greeks or Homans could have invented gunpowder led to a 
Uin- con fusion in this ijuesriom Comlniattbles like naphtha, etc., to 
whudi dn^ also Greek lire Imlongs, wore in use in the unities of the 
t’siUfs mid were confounded with explosive*. Marcus Graecus, who 
h;ut u receipt formaking gunpowder from saltpeter, eoaL, mid aulphur, 
k ing credited to the ninth century, while heswtcullv wrote a knit 123 ), 
mid this under Arabic influence. The monk Berthold Scliwmz h 
nntumlly ii eauiitei-pjirt to the pretended inventor of the compass, 
Fluvio Gioja, the historic] facts about kith bring in doubt. In any 
case, their lives art- placed in n lime when the inventions which they 
iiie said to have Jtiudc hud long been known. Those who would recon 
ciJi* this discrepancy try to reserve for these uieti some improvement 

wMch they might have applied, hut H * n rule with little an. •**. 

A critical sifting or Tlie evidence begins only with Kumocki's excel- 
leut history of explosives,* followed by a >utiiinarixing lev Lure by 
l*i. Tvduiund (), von Lippmumi at Halle, 1 lioth specialists itrrivecI at 
tin- same conclusion, (hat saltpeter was first known in China. but not 
beforenlHHitthe middle of the twelfth century. We have old Chinese 
account# uf the brave and .successful defense of the Chinese citv of 
I imi-king (Kai-fung) on the Lower riivuugbo against tin* Mongolia 
Itndhr UgOtai in 1232." Here we find find explosive., idusting kulies, 
and rockets employed by the Chinese against the eriemv. (If their 
form wc get an idea from the cuts in Chinese lire books. In the 
thirteenth century the Aruba became m-i|iiumtod with iqili|»tcr t 
through Chinn, for they designate it as thrdg as-Sfn (Chinese snow), 
and the rockets us suhin Kiln till (Chinese arrow). In the lire book of 
lliianu aidianitnah (Pirns National Library. Ue Slime's catalogue No. 
whieh originated between ii>7;> ami 12t>5, saltpeterlilrendv 

( ur,lJS . .. of ii reworks" (Itomocki), The same Jlasan nr- 

butinnafi for the first time describes a torpedo as Liida liiklimg wa-tah- 

ruij (an egg which comes forth burning) with a cut In.if the Paris 

manuscript-, reproduced by Roiiineki.p. 71/ 

More im portant for us, however, than the compass and gunpowder 


«t raaji. on ibcirrtajiliihn division my Xnbhm^r Baichtemtem r, *1.. 

J. van lloioorki, (Icwblchh'dcr KajiJcnawit*^.: I. Gowd.kbtc <|,r St.remwusil- 

clictiiic, der Sknaattachiiik u.lea TorMowwww his *nm rhyinn der 

/Ail, Berlin, ]K 5 ii> r 

;Zur Ofjhlehtedw Sktjl^vcm and der tVuerwaffca, SMt*-hrtrt fur Amur- 
vuKM'UH'luift, voC 71, ISDN, [ijt, 

•' I'Itllv IiwwIuM by sianiHliiH Jttlirn in tteinamt .■[ Kaye, Du feu ptante dwfeiut 
t£T* Ik ‘ . .. A «■» •’bee les Aral M's, l,s Vtmm cl les 

C 7™S A ^ 0c L' H,O J bm Wlt ' I-' “* «- «prtttted try komoeki, -to ff. 

lVS(V', flls rf r X t u I ft" L^hlehur d» Kri.^w^.„», Uij.de, 

' 1 ‘ ' ksehleliiadsr kne^wihwfUQbiiften, M tin then. IS 99 . i, |>|>. ] 70 - 1 KSL 



ORIENTAL ELEMENTS OF CULTURE IS THE OCCIDENT* 521 


was another invrnition, I mean that of printing, on which in recent 
year* new light bm ben shod, especially through ihe lindis in Egypt 
If printing now appear* to us us the givutest uehLevoment of c-iviliza- 
tioiu the merit of the invention rest* lesson the fundamental Idea than 
nh two preliminary conditions which rendered it potfeiiblo to tw k turned 
to net-Imnt. and without whidi the proves* would have remained 
unpnwdrenh namely, the manufacture ef n cheap writing material 
and the phonetic system nf writing hv which the entire fund nf 
hingtmgc ernn He repi'irented through [wndnxeti signs* We shall see 
how tin- Orient can duim in all thesis elements w rousi dr ruble share of 
glory. In the first place. us regards the fundamental idea of printing* 
it ran hardly be railed a feat ef genius, for I he idea already existed in 
the use nf ancient .seal sign* and mint stumps* The Baby ten inns 
who, a* is well known, used day a- writing material* knew a method 
of multiplying text* analogous tn bulk printing- We have old 
oriental awi! cylinders: covered with longer or shorter text* that were 
impressed in soft day ns the rvlinders rolled over it. Writing mate¬ 
rials of buss irti I antiquity were' ton n-ostly t->■ make the . .. appli¬ 

cation of this process feasible. The aiE died out until East Aria 
solved the problem of material in a way before unsurpassed. As 
recently a* IK7B \Vattenbac:h T in the second edition of his tfehrift- 
weseu mi MUtelaUer (p. 114 ), said: ** Paper * wraps its 

origin in thick darkness which will probably never tat dWipated." 
How strangely this sentence now rends since the history of paper has 
come to ho perhaps more unfolded to u^ than the history of any other 
unbent invention, Wu owe this ]progress above all to the fortunate 
eireiLnisUuu-e that the greater part of the papyrus hud in the Fiiycuii 
came into the hands of investigators at Vienna who understood it well 
enough to rmike a scientific use of it, while the pnit which strayed to 
Berlin has ri in tr United nothing to the numerous and surprising results 
gained in Vienna. 

Ancient civilisted nations at find used for writing materials what 
nature produced in u condition already siiiuwl to that purple. So 
the Chinese formerly employed hjimljno, a> we cam infer from the 
composition of some of the characters of tlunr indrographfc writings/ 
The employ me nl «>f color contract must also Is* considered as a step 
forward, for at first the signs were merely scratched, as was the cus¬ 
tom of oar ancestors. I surmise that tho invention of the jiil {or 

* Sec FVnrlw r nnglcr, Amite tiemmen, \<iL b plate 1; val, a, [» I ft. lllTistratiniia 
an* found, for LmiLuuv T in ItaintaerML^rhlchtc Biihyfonlciisiiinl AwcyTittxu. Ikfore 
the n pmiiijf ol eranbB lulu uki this form uf K^iil prevailed in EjrYpL Fttfl- 
VkjlDgter p o\\ tit See fry-ruff* Fkilm r dtm.1i Iti.- koni girlie Aulhjujirium in 
Muuchein |>. ION, 

^Corap far the following Kvfcdririi flirth, 1 fie Ea-findiing iU*s Eapicr* in CHind! 
Tinuip; K"cni p I-h K iUi: 1 ii| 1 Hih\ vnl. t. (i. i ft, fr 11 rirstml, wfthauf tv|h^ in his 

t b limtsritn:lL+j StmtieD, voL I, p. 25® if. 
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brush of nit’s hair* which flu* Chinese still is sc instead of the pm) is 
connected through Mfiiig-T ien (died 3?0P B. C.) 11 with tint- appearance 
(»r it i=»r writing material which, according lo Chinese accounts 
found in Hirth, was* even in pre-< 'hrintiiui time. made from silk scraps 
AIjoiiI Jin* A- lh Tsai Lnn. the director of tin- imperial iiffiuufaetory 
of arms, made his immortal invention* Finding silk too expensive and 
bamboo- unhandy, he devised a n*w writing material and iitamifac- 
tured paper out of hirk, hemp, mgs, and tish nets, It is well known 
tliiil paper hits hr olstained from various plant fiber* by freeing them 
from foreign stibstam-es, vigorously stirring when in it moist condition 
and drying in thin lit vers. The older processes show a similarity to the 
manufacture of feJl^ except that felt is made from raw animal mute 
rials while the paper industry uses vegetable fiber. As felt Euami- 
foeturr whs par tieu lady sit homo among the Kast-Turkish nomad*, it 
ruity he supposed that (he suggestion for llte pii-| mint ion of jwper 
dime from them to China. the more so as we first of nil hear of raw 
annual materials (silk simps), The sin r-1 important source on Ts ill 
Luil is hh biography an the annals of the later 11 an, which treats of 
Ihe period of 25-320 A. lb Tim great importance of die new inven¬ 
tion wa* already recognized in bis lifetime, and succeeding years did 
not forget Isis merit. In pin A. I k Tsai Lust wils officially praised, 
by a 4-abiDCt order, and his house and the stone on which he stamped 
bin paper wore for many centuries considered as celebrated sights. 

To the Vienna orientalist, llammcr-Piirgstalh belongs the merit of 
having first brought to light from Islam it- sources ihc important 
account of I he spread of Chinese paper by ivny of Samarkand to t he 
West ; h the precise date wad established by Kara l aleck/ The most 
important source, Tha* Alibi*# l^itillf ahlnaTlrif/ relates of the pftper 
industry of Samarkand, which superseded papyrus and parchment* 
licit It was transplanted thither hy Chinese prisonere* of war, captured 
by Ziyflih son of Salih. There Is a parallel account in Qii£VvTm"s 
Athar abbihld/ Kanduic&kV some what free translation seems lo mo 
to have much obscured the meaning of die ittakhadha. I should ren¬ 
der the i|uotatii»n from Qaawfmi ‘"The author of Kingdoms and 
Tmvding-routes relates that prisoners of war from China were itniis- 
pLirated to Samarkand. among whom were some w ho underskiod the 
manufacture of paper and ehoose it," etc. The reference here iscvh 

* ' r I mil uaU'tjtt-it ler ItiLM precisa ilato to Profess HErtli, uf Munich, wiirrtu E com 
soibwi hi scune iinbms The trniiBcriblng ci| < h men 

der DeutBchen tno^tii. i.L^cSbch,,, vol. viii p lSSI„ [■. r»LH+. 
fC&tnp, for the foitriwing Kimh&rek, fom nrahsFclie Phjitcr, reprint (mm the 
wfcernl [±u*\ ihtri] volume uf Hie Miuhtfliiiii^n am dcr ^iimmliei” dur Papyrus* 
Enh&rwv Ikiiner, Vienna, ]ns7 t ami None Qtirhen jsur I^jiyreRgeochi rh te by live 

wm*. reprint ir*nn itio f-mrtli volume of the M iltheilLHi^vn, .. \m& 

** Etlitinn cf \r. 1M. 

"■ l J >iitlMn ef Wflilimfuld, 1 k. 3430. 
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ilentlv to the Mukatatoi* or right of *lave* to l«uy tbt ir liberty, for aw 
infidel prisoners of wsir were by ].slivmie law retained ns serf* until 
they re 4 iId accumulate the necessary ransom* they had to lw given an 
opportunity fur carrying on a trade. In the present him' some of the 
t'lnur.r paper maker* chose the paper uiduatry. Tin- enterprise wsw 
HUvessfulmid bi-miiieu |H K mmnriii mipiMtiou for Szinmi-ksnaL Ziyud 
J|> n Sfilih i - therefore not to In- crmskbrvd n genius iri I'conomle- who 
wished to turn the skill of lb 1 foreigner l s into the service uf his own 
atftti-. From Wh Amide awl Chinese ^>iiree>. which agree i-vcn u* 
regards the month, we burn that ZiytVI gained u great victory over 
the Turkish princes, who wem waging war against each other, and the 
auxiliaries *ent hy tin L'him?sc Em]>eror under the command of the 
Kon an Kllo Ibbn-fn in July of 7M* Only on this neawiem could 
||iu>e prisoner-' of war lisive come to Samarkand. 

The Barmecide Al Finil Ibn Yahya, brother uf 1 he grand vbier On far 
who is known from the Thousand and Our Nights haul sis governor of 
IOhi nUtn opportunities to I in or tie tm|iiai tiled with the Samurkiuti] 
]m\n-r ;i rid transplanted this industry, as b related in I Ini Khaldun 
itmli.tr the reign of nsirAn-ar-ltaahid, lictweon 7t4 and 7:0 lo Baghdad, 
Hv this step the Bannecide acquired great pmise for himself, Elm city 
of (he I 'id if* having Luken the lead in |Kt|>er inmnifactories that spraid 
info all Islamic countries m far ns Sjiaiii. I he Museum krsdierzog 
Bainer possesses two Arabic Ud Us iwmi rag paper (Nos. bll and 1>LS) of 
about sun A. D., which a re p ratal My two spcrhueii:* of the Bagdad 
paper factory u few years aftei 1 it-s eatalilishinent, I lie cftnivitLions i'[ 
M, A* Stern in ("him^ Tui kestaii may Imvis luougKt to light >tiil older 
pftjier samplea," By a chronological sifting of the Fay urn durimienta, 
the gradual use of paper in place of papyrus can 1 m* dbtipetly fol¬ 
lowed, Hitd iji the middle of the tenth rentmy the btter is entirely 
stipe rsfuhul, At the beginning of the eleventh eeniury we lirst meet 
in the FustiU biaair wiilt pui king paper 4 in place of llie coarse jiujn run 
of which Htny. slit, ^3, .-ays; Nnm eiuporivu imitflis seribuidq irivn- 
lucrls L-liartunuu segs^inutmpie ineruBnis llhliui gmclieL ideu n merctt- 
tot 1 i I ats * a >gi min 3 imtu. 

In agreement w ith the account of Fihrist (p. 31) that the KhunMn 
paper was made of linen. Wiesners microscopic investigation!' have 
proved that cotton paper woa not the predecessor of linen paper. an 
was formerly thought, liui \md mver existed . 1 

For the further spread of paper in the (feddent we have only Wut- 

«s« fur only I he | hreJtminary re|^rt B L^niba, Untl, Ls neetytdbti^ ii - me. 

MAmip Kumkn^ Da*s arahinGbr PuphTi p. ^T, Porlia|» F^ypthm -Ich u- 
nii'Ut fimlif nsinp fri-m mvh j-cu 1 kilter paper iluitti hir wLSdi the uamen^n^ iharamente 
of u private dm meter woei Id fcfjn.-iik, 

* .L Winner. Die Fal}Cnier untl FtfiluafinQiaicr PapTeru: Slittheiluma'n uos *\vr 
SuTimlmi^ Kr^lit r/^j ICasaerp vuk L p and :5 3 Wieti p j.p. 
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teiabuelTs compilation' 1 from which it is clillit^uLk to nlituin :i clear view, 
StilL according to tlm data given t*y him* it sixmos that piper produc¬ 
tion cume from tin" Arabs to Southern Europe m the twelfth century 
and in the fourteenth to tirrmany (p l4ob How thoroughly the 
iiivfliitioiu the hi-dory of which we him* just sketched, now pervades 
[ill our relations in life in shown among other things by the cognomen 
of "piper age*'given to our time, Bor re wings of eiviliz&tion have 
jlIso their traces ita the language. And indeed our paper measure** 
*'i|[Lire” and "ream/* go hsiek to old-Am hie time, “Kcnm"ifi the 
Arabic rezmn, ‘'package, 1 * which passed into Spanish us resum. into 
] tnliati ns risinm Into German us tries* into French ns rnmc* For 
“■'[Liire”' the French say %a main de pupiar,*’ the liu&dnn "*dycst 
ImiuugL” Dost is tlie Persian word for hand mid in Arabic also 
denotes u pun* mu I a measure/ On the other hand. for the material 
itself the limgunges of tike Occident did not receive n now word but 
transferred the Egyptian designation of die older w riting material 
to the new descendant which in common with the former!*of vegr- 
tuble nature, just as the name " pen 1 ' was inherited by the more perfect 
steel w riting instrument* 

Like l heart of [Kiper making, so also that of printing Maundered from 
the Orient to the Occident in the form of fabric printing (Zengdruckb 
Xokir.lv has thus far mtide u study uf this industry m China; in fact, 
there is a general dfcATt h of workers in (In? held of sinology . It is 
well know ii of the Dnyuks of Borneo that they first cut the designs of 
their tattooing* in wood* then* with the aid of ei pigment* impressed 
it on the skin and performed the operation after tins pattern/ 1 We 
I>ossess Egyptian fabric prints of (lie sixth century* What is perhaps 
the oldesi sample comes, it is true, from the tomb of St. Ctvanrius at 
Arlt -. but i* very probably of Egyptian origin ami is preserved in 
the (iernutmc Museum at Numnliorg/ This hi me institution possesses 
aval mi I ile eo] lection of fabric prints of the sixth and seventh centuries* 
which hr. Forrer T of Stttixburgf* excavated cit Ikhmim* in Fpper 
Egypt: also two fabric print models from the same place. A shred 
reproduced by Forrer.P seems to represent the bogimitngs of the art 
in the Occident and dates, according to him, from the Gimliugiaii 


,f thriftwiwcn hn Miheliilter, olttion, Lri]>zi£ h I sol. 

K'lsnip. Fleischer. IMiiclitkitfs. UpsUi h r 1836, p\K 13-H F imil lift#voyage* 

4e Siinkl«i4 \r Mjirin,, t’i M&ilmok -4 oil- A]^it t ISS4 f ji. J&o( the Arafak texl- 
^ Him |^| far ihtitllnciv Ihn ut-TUitwpV cd. Ahlvanlt, p. 131; Eoakjila miCahu 
tam tnltffc f 1-klicit>jt| V HtmtMliip \u* tile a dwt -4 cracknels; in the Sminhii] Kiime * 
print, “Kftr.ip'nuln akUir cilinisy, 1 " m rraul* p. 8, “liir hIcsLii JcLil/ p dost of 
^Seo lletn ri^'li Behitrtx, Brecflchtohte 4 nr K u I h l r, p. .m4 the ULurtmtloii of n 
lattirfinp stamp nn p. 33 #H, 

f Comp. H- Foirer, Ia* tmprimciirs d*s- TIms p siru^imtug, isus, |i. it, 

/ N 11 . 10HS Lii ] Lli 11 [»' * K nl ah nj < | t i r t ] ^ui4m r^i ei i ei 4 ting h h -s i M-rtiniii bs-l ire Nal h mah 
namiiimt, 1. jjarl, Nim^nk-re. ]K m. 

VDio Kuitel nles 5inniplmrkB p ^tnoslnu^ fe Islet. jiIau 1 uL >k. L 
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fierind. In the succeeding centuries it was Germany that uHsiduonsIy 
cultivated fabric printing in tin* Occident 1 

Printing on pnjtor anise in (lima tt- 21 eniiscijuencv of \k \,[ht 5 11 voli¬ 
tion* Ah early as 175 A- IK the text of the 1-binoH? ebwrfv* whs 
uii the outer walls of the university and impressions were taken of it. 
At the emi of the sixth century printing was earned on in t 111 mi With 

wooden plates, for at that time the re.iuts of the classical Wlc* 

were cut in wood by order of the founder uf the Hui dynasty/' At 
mi ejtrly |htW the ChitreHC inventiem initiated to Japan. On tin 
In-ginning* id Japanese printing Sutmv gives n thorough study, Ur 
h-tirn fmm if that in 7^4 the .hipimrsc Kiupcess SLio-tokn ordered 11 
million of small wooden pagoda*. each containing 1111 imprint of ti |*is 
sjige from the Ehnldliist ln>ok Vinutbi niflilia^t Smtm, to 1 h v di-^l riba ted 
among the Buddhist temples mu 1 monasteries. The currying out of 
tills command was brought to an cad ia 77o. A numtHT of these 
pagoihiH have Imhm] rodiHCOVered in the llnryu monastery at Aaniato. 
They eon din on long rolled-up strips Sanskrit texts, hut hi ("hinese 
e ha racier*. FauflunHea sn far exist on!v in dapuiicno works.' W c 
also ]M>ssrss iiieLi! printing plates of the year w ith tlimc-e dgnH 
in relief. - Hirth found a hook offered for sate in China which was 
printed from plates in U*54 A. D., eoutaining poems by a poet of 
the Sung dynasty, with a portrait of the author in woodmit.' For 
tiie Hueeceding centuries in formation on book printing in Fast Asia 
tjeeomes more and more abundant. 

Although the geographer Hitter (whited out the antiquity of the 
art ikf I hh« k printing in the nwniwtertifei of the Ltmiua/ no headway* it 
si't^iiss, hits been made in lixsug Hie dates of the uld lUa h ttm prints* its 
the pernCiiH mentiotnd in them ns the printers or put tons are otherwise 
unknown* According to the Imtory of Buddhism in Mongolia, trans¬ 
lated by Hath*’ the lirst Tibetan copy of the Kanjur and Tanjur wa* 

-in iliIi lith»n to lhe literature mentioned above, compare on wdfco iirlutbg 
Fnnvr, Pie Zenjjdnieke dcr byKiintmisH-lwTi, mttmutocheri. M"b*heu and ppaleren 
Knaaicpodum* Straj*b<infn J£inilitte.-k. Fitter diirdi die A owteJJnniz < Papy¬ 
rus Enbcmv lialnur), Wien, ISlH, pp. 

f^sitow, On r!u- early history of printing ia Japan: TflUiHirtiotu at the Asiatic 
Society of Jft[jnn, vuL *, Vokohmim. [ssj f p* 4*17. 

1 Kwitnku zallHEe* and Kokuku elvtibitnil. 

•t l;^|ifintno^i in Si duke riottdu* val. L 

. jr IL, OH Chhutfo Links: Journal of the China branch nf the Royal Amalie 
Society tor the year !»S5, New tsrios vuU ss, Shanghni, IHWK {** 53- 
/ Erdliuiide, id pert T - L:»»k; Arirn t vol. K 2d f:L. iVrlin, lOft^pik- 744^7-MK 
f j ’Ji^p-med nnui-tuk'a helkIhh Tibctioclieo hemiif^fgeheii, utorwtxt and erlfmlert 
Mm < htiug Hitifi, fl. STnMsiijr. l*flW r p cump. Kfippcii* Diu ReHidmi dca Badilha* 
ii, p. 277: ,L Tii>*-r E^. like (Ecnnitny find <'Ijitbzi^ ia Linil of Marli ss lieiaa 

pnntinl Ihi-reaml it Item a tonff rime haek. for the printing pits* !ulr lieen 
known to tlae iidmhitaat^ of tlie umw klnploin perht|xi mnw the Tang dynasty 
ainlitr whirii it wan iaveHlrd in ChiTin. Hail certainly wnee tlie lltmgnl ivriorl—'that 
trt T ax leapt two 0 ?lit nrie* before it a cm known to the lumipm M 
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printed in T il*'i daring tin* reign of the Mongol King Pdyunl A Khan 
\liU 1-UJlB). It confabs theaccount of it piauin quid who emigrated to 
Mongolia mid there liecnmo priest of the ruler mentioned above. " IIo 
sent from Mongol in a Urge quantity of perquisites for the priming of 
the bKa-'gyur and the ljsTtiri^gyur, but particularly n small box fall 
of Chinese blacking* Tim Em mil rejoiced over iC Blugbsol of dBua 
and other.- printed with the plate* thus sent the l*K»-"gynr nnd the 
hsTim-'gvnr nt 'Fngs-k u wild recommended the placing of these copies 
in the Mnnyugboslm temple at sNar-tmi. After that the copies of the 
Kagyur and Tnn-gyur Iwcuinv very abundant," 
t *f the further spread of printing in the Occident nothing was known 
until ti few years ago. On the other hand, it wiu- well known that the 
Islamic Orient for n long timeopposed the introdnetioa of the printing 
press. Their opposition was founded on the apprehension -nut ofli- 
dally lU’knowlodged --that tins hogs' bristles, which the Mohammedans 
id ways suspect in the brushes used for the cleaning of the types, might 
touch in the type tho name of Allah. Even at present the Koran is 
not being printed in the Orient and lithography is generally given 
the preference, and the Moslem prints by reason of the imperfect clean¬ 
ing of Elio types are much inferior to those of the Jesuits in Boy rout* 
In Constantinople a printing fctublisliiimnt came in existence only in 
1737 iik eon sequence <rf a luitt-i-shonf of the bullish A limed 1 H.” Ihe 
accounts of die Euclid in Arabic* supposed to have been printed m the 
sixteenth century nl ConstaiiiiifcOpU^ rests, els l liave hwit able to ascer- 
tnin in the library of the Deutsche MnrgcidfiEidisclie lie^dlsclmfL nil 
an erroneous interpretation of the statements on the teat leaf of a folio 
edition at Home in 1504- 

Ureal, therefore, was the surprise when the Fay urn find brought to 
Sight thirty Arabic plate prints from Egypt belonging to the tenth 
( 1 1 ri si kit roi 1 1 n r v . Lwlmj f t liens j h j rh 11 p* eve ei 1 o the ti intli con t u ry, ' In 
Hie excellent Ffihrer ditFch die Ans>tcllnng Iguide to the exhibit) 
KamUiiek declares, |mgo M7, that "they art-, ils regards the cut of die 
form* n ml die process of printing, [jerfectlv identical w ith the Chinese/’ 
Blit I must contradict him when lie goes oil to m\\ " Tims our cob 
lection preserves the oldest prints in the world so far known,” for, ns 
I have shown above, older Japanese prints were then known. The 

the print* iif Ibi* oldest Turkish pris- ihe l "nlv<-r*Ety Jibmry al Erlangs 
(mAM.' i da > H a dcwriplion ef America under I Me litle nf "TarEkh :t1 -11 ] n r| ul-gharht 
bi-lifKlilh-i-ncw, Itwna 3 jm p 1U2 A. li. t IP she 1 Library nf the PtfUlsctw 
MfjTptilpiHlk k iut iNaunjnuk^ Turkiek tmni-latir m uC [hi; f ArnhsriiAh'i* 

'lkrlk)i-i-Tltimriil the Mine year, a*, al*P p Itariji Kh.Llfa T sTii4|wliiiat-lavi r iVrilcMet J Mi> 
A. II jlil>I I i^rs^nlly have like timiiiuiuirc Tun^ue-nf 17iWJ A. E C 

mhbiii, jEdiv Akliof|i{|n[v t tuL E* S^Bilon, Is^ p + ]: M Enclitic^. Arubiltv 
fVnn-* tun Li imp ... 1 'iSS A l^iuliFnL Ijuit^- orjiy r4 a Very liiH'inumiin filjtiiiiPi. 1 ‘ 1 * p 

l * rai'5—i‘ h Tn-Nf^ ti, 512V, 

*Comp. i jKterroiehlRshu M^r^iL-wlknU fOrdi-Jl njl, US. L S'! a I, |x, 1ST. 
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Arabic document- at Vicuna are pnrtijy printed I dark on white, imrtly 
white on black; So. ftgfl 1- printed in red. In one caw (Shi- b41)there 
ure Coptic characters iti addition to the Arabic. They me without 
any value as regards their content*. A printed piece of the Korun, 
reproduced bv Kurabieek in the FElhrcr, page ^4S. shows that the 
Mohammedan* were not then prejudiced in this respect. 

The historical continuity of printing can not Is 1 proven with the 
same certainty us that of the use of |ni|*‘r. Still, to ■'how Ihal the 
knowledge of printing on paper remained alive in the Orient, (he fol¬ 
lowing witnesses can lie adduced, According to huitilnn'i'k ( " ho 
refers to Abu Shftmas Kitnb iii'-ruudatmn/ 1 fhc comput-nry fmtik 
notes, each of one dinar, issued in 1147 in northern Syria, were pro 
dat ed by plate printing, and in the jjtipor money printing bureau 
established in l*Uft A. 1). at TflhriK the work was carried on after 
Chinese patterns. 11 Furthermore, the Persian historian Itu-lnd-ed-dm 
(died Hits A. IJ.) gives a description of the Chinese ppfleesi of print¬ 
ing.’ We learn from this description tin* interesting fact that at that 
time editions of a certain number of copies were not printed, but the 
plates were kept under took in the libraries. Anyone who wislu-d to 
buy a Irook went thither and had an impression made. I he cultural 
value of the edition should not be underestimated. Tims, for instance, 
the importance of lawth printing for the Hefonnafckm would have been 
much impaired by (I. id Chinese pm^-s of imihiplying. 

As long as p:ijh>r had to he imported into the Occident ii eould not 

be cheap, because of limited means of .. mu mention in the Middle 

Ages. From Wattcnhanh ' we Si'ani that in < iennony, at least, tin* use 
of ]ja|«'r I lecmue more general only after the fourteenth century. 
After |Ki[K j r production was established in the Occident we observe 
liere, :o among the Chinese and the Arabs, that printing followed in 
its train/ 

The step fiHiui printing from plules to that with movable types :is. 
with our phonetic system of only two dozen signs, still less a fcui ..f 

goniua tlnin the invention of the printing pr. . at iargfc ill the 

W egwi“isse r (lurch da* (rermanische Museum. Nuremberg, IDiil. page 
147. the following passage occurs: "In recent time some think they 

.(Printed at Cain. 1387 A. tf. I87IV-71 A. I>. 

f'CmiiTs KunUavk, Nctu? Knidis-kmigrti Kiir lieschichtc .In— Fapios end Iirnckvs: 
i>.N ri,'irtn-- I tv M'.nntesi'hrifi hir den i iriirin, vn|. in, isim, ji|,. tna-lTn. 

I'-'inJt. M. J- Kklprodl, l.Htre :i M, Is Llamfi dc llmulsiidl sur i'Luvctitiuii de 
lit IhinsMtli!. I’aris, 18.44, ppL 131-133. 

■i S, liriftwe-.-ii iiti Mittclaitcr, 3d t-d., ]>. Ml. 

, (’.ini! 1 . T- 1 Wi'inel end A, Zi^U'rii lluiij, tViD Anting il.-r ]SrnrkerliLin-l, 3 vml- 
iiijiiT-. i.eipiig. Kidiitg friihester I’.rzcuRiibse <L f brudserkunst der T. It. 

Wei kc I .Sitmiiiliirii;, lanpaig, 1873- A. Kri-cnwcin, Alt.-U- L InickeKeiLHi lis-v hu 

i : .-rrnun■ —.’lifen. Mumtuii: A 11 /b'Liji 1 r fiir ilii- Kniidti dt-r ilcaN'tlisii Vorafth, Nuremberg, 
1H73, column* 311-318; W. I,. Srlircil ht. Vnnfliifert >l.-r Typ ■graphic; Kuteiith'iy* 
FetraJmh, Ldp'/.Lg, nnxt, p. Hu If. 
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have foilml prixjfe that I hi- Homan* of the Inter periodd of the Empire 
were acquainted with the art of printing with movable types, or thnl ill 
least attempts in that direction welt'then made." [ multi find no light 
on this paragraph wtiieh is apt to stir up the emotion of the visitors. 
The dtatemwit is Hindu in such ft timid dimmer that one suspects it 
could stand the test no I letter than the analogous assertions discussed 
alxivr. But It i h true that Gutenberg was not the first in theOmdent 
to conceive t hi- idea of printing with movable typos, for initials, 
prefixed letters, .seem to have been early in use. and the Dotnmiaui, 
Consul Forster, bom at A indwell, was employing movable types ait 
Nuremberg between 1487 and 1457 in landings, copies of which are still 
ex tarn at Leipzig, Nuremberg, and Wurzburg/ t'himw smaives Tmiue 
as the inventor of printing with movable types of day the smith 
Pi-Slfiing In-tween HM1 and 1041* A. IV Though we have no punitive 
indications of a migration of this art to llu j W esL still there recently 
came to tight books in Knsi Asia whk-h had In-eu printed with movable 
types hmg lir fore i hitenisTg* The oldest east Asiatic prinl from types 
which Satcov personally examined dates from (he period tietween 1*317 
and 11324; whether it is of Konnu origin or Chinese can not Ise decided 
With certainty. In a supplement to his study just referred to Satow 
describe* Korean book* printed from metal types. 1 which furnishes 
another proof for the priority of jirinting from types in East Asia. 
One of thoc, printed in 14->1contains. So un epilogue, an important 
contribution to I hr history of typo printing, for in it the King of 
Korns relate* haw, having recognized the tiiadenuaey of printing from 
woof I plates, he had for the preservation of Literature ordered the 
manufacture of copper tyjies at his personal expense and I lint of his 
court and not nl the expense of his subjects. The memorable epilogue* 
which is dated lost ween Oeceml^r 1 14, 140S. and January 12. 1404, 
closes with prayers for the future prosperity of the undertaking* 
Still, even Elds nn«4 impoiianl of nil himiftii inventions could not 
thrive in its own In-me. since the Chinese ideographic writing required 
such a large nut** of type limtcrin! that it almost out weighed the advan¬ 
tage* of the Innovation. (July through our Seniilk phoiietie alphabet 
could the idea become the factor in civilization that it now represents. 

^ Sell reUscr, CinlclibcUp l\y Inrh ri Jt> jij*. B7-4W; WatlcElhtuil, up. c3u, p. SOU. 

r -1%Ktn|c. Friii/ Falk, Hit Stesnjn-Mnn*k vnr »iiUrnlN-jg urn! St^mi»ldjrakc in 
OisitwiitiiUHt- f hiEvEll*TgTi**i*rarift, gip. 7iV7U. 

■ tVnn|>. St&ubtliu* Jn fieri, I ^kiuhi hI* mr Van dHnjjirimar A l^idf (k plaudits* eti 
lutiri, ilc phuii'Lich efi pit-m- i>t itr moMlea* linctm* i>n Chine iivant 

ijneJ' Kiirsijw en lir iiKs^r: cxlmlta ite* livre* cliiuob; JoiUful Aaialiqne, iv, H, Yi\ri* r 
1 S47 f p. r>l 1 if- =Cnin|iii-- tt iniuH lies sraiiet*! <le V Acndcaita ilw fttenecHp Tnma -h 
IS47, p, 10©5(n\ iThe t‘bin «•-.■*■ tyjN- tin- given in ilia Jnanml Aslntlipiu tmU ,) 
Cnlup. TraiiKtrihiEth i4 the Ackt! ir Stride of -huun X Yokolinnm, I8>*L\ p. ttl- 

* FurihiT nipiis ■ .31 nmvuhle tyjh-r in Kan-it llimI early Japanese printed IxNhkHg 
ibid., pp. 252-m 
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If we now pji» in review the preceding disquisition* and recall nil 
I lu- great world tnmsforaimg consequences of those nehievtuuenf^ 
which wo, without question, owe to the Orient, we shall have Lo 
lujknowledge that limy form the pt^ oppositions of n very important 
|jiii L of our menial Ufa, Of i^tirse* our civilization is for nil that 
tin more oriental than antique* Kiieli people lives it h own life of vul¬ 
ture; only impulse# coma from the outride. To gain u right esihmite 
of th^ir importance we ima>l tii*t nllow oujwlvos to l*e minted by 
enthusiastic plumes, lmt s standing on the solid ground of fnehs 
investigate how far the effect of the impulse* nm-lt, |*irtieuhirly 
whether they touch only il raste or the mass. While Hellenism did 
not reach the people— n Greek mono its a popular song w ould at oace 
characterize it us not genuine *—but continues its existence chiefly 
within certain scholastic circles, I !n■ usefulness of the eoni|>ass T iqttii't 
from indirect ways, directly laxiefit* the entire seafaring imputation* 
und the advantages of explosives are appreciated by v \ cry soldier* while 
writing ami printing may la-considered m the common projierty of 
all mankind. 

We do not cultivate the language* of the Orient because of the 
mighty influence of its people over the Occident in centuries past, hut 
because we hope from these studies there may come even greater 
bene tits in the future. As Humanism once meant u considerable 
widening of the mental horizon, so it moans nt present for our state 
of civilization an artificial narrowing* having crystalled into a t old 
classicism* 1 and* nreording to the welUkimwn law of liiiuian licTclop- 
iiicnu resembling in many tv-sjiccts the old scholasticism which it once 
com jut 1 red, I in I we pxjkhL analogous tci the Humanist^, that out 
science, liftin' removal of certain external obstacles which of late have 
hindered its progress will have the mission, hi union with other 
wticneert which are more and more luring developed from decade to 
d crude, to deliver mankind from a one-shied world view and to give 
it Imck the understanding for Hie lieautiftd in all its manifoldni'ss 

aJEntiiely * i ROtK | ims i-- Ha* theory pm|%undeil eU |inwiit tlmt f«ujnikr j-*-try 
jiiin-rt solely from tlie in^n ui L--» Inmiml elftsa. Where in the art form of the 
4hftwiiia~KHHiL irom whu'h, h>r i ej ■-1 llj ii'i - , like popular -httaw bnuderhupfeJ" ) 
iwulii have devL'Inju'i! •' Then- i* only HP m urit imtti in ihta tlasjry That im laud mat 
IjiMt Liehs ran drawn ln-twcefi ami Ui&Uhey Enipiciitly mlhjcmvH>nemmiher< 
though the really #***1 nmiin nmrv often from below than from alwive, 

>• Tin- i‘jjrLi-hriienl thmisgh mitgevlivc naniuUaikm nj Inri'P vktnettU is the liiUsi 
phase of di«vtrtqpnieal which ih as vet in its U^nninif. 
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By TmiMAs H. Mkash. 

/u . ; ,, . .. ,,f ( stttlf* fvtit Surtr tf, fkjTttfhtttyii of -l^nnil/i ■ ■ 


Kffypt Inin probably liern farmed for over seven thousand years. 
L*nlil tlir present century practically all (he farmingdone was hy Iwin 
irriiriitti.n, whirl i system consist* in flooding large areas nf liiml *m- 

rounil. il hy dikes with water taken fr. the Nile Uiver during time 

nf |Ji H sl. Thi '.‘ kudus vary in size from less than :* acres to over 
■ill,non aeres. ami in a normal flood year an- filled wills water loan 
average depth of -I feet for H period nf afjout dx weeks. after which 
tin- water is drained away and the *ml .sown in the newly deposited 
mini without etilfivfttiwi. Such a system of irrigation is very waste¬ 
ful of water ami permits the growth of hut one crop per year. 

Alain i Mohammed Ati, the reigning viceroy, started n move* 
meat which has almost revolutionked the agriculture nf Egypt, lie 
dug riimil* from the Nile, so that water win Id la* hud for irrigation 
thmiighinit the year, jierimtling the {'lowing' of such crops as cotton, 
which would not mature under lausin imgultim, ami, what is more 
important, enabling two and sometimes there crops to ln> grown each 
year. To-day. nf the acres of urn hie land in Egypt, titan 

s!,<nm)Jhmi ncri> are watered by the ancient basin system. 

White (his change is more economical of water it necessitates a 
more uniform supply throughout tire- season. The Nile can always Iks 
depended upon to supply 8 t 0tjll cubic feel jier second, hut for the 
complete development of the modern or perennial >yste»n of irrigation 
at least mijiun cubic feet per second are needed throughout the year. 
During Bond season the Nil.- fmpiently discharges from SUO.WO to 
m I cubic feet per second. 

To conserve this flood supply for use during seasons of low water, a 
system of storage dams and regulator* at various punts on the Nile 

a RepriuU*!. by penns^ioti, It^m Forestry timl 1 mjralion. Washington, P. C.. 
Vol, VIII, No, 12, December, IttQB- [ForiiflUy December &*—A new type 

of struct urv which may murk an epoch. in im put inn cnpnt^Hpg—hmiuhti) 
by the author through vouru^y ol Hit Egyptian Govimmcuu] 
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lias Uvi n phrmi'd. As early hr tho time of Mohammed All this plan 
was under run side ration* but it mis nut unlit Mr. W. WiUencks wit* 
appointed ahtHrtor-^iKHii) uf rogeiTriirs that the storage of water an 
the Kile was thoroughly euiisidercil. 

In lSUt) Ml Wjlleock* presented a report cm the subject to the 
Egyptian Uovurniiifent, in 1894 issued a second rejiort. and in 1895 a 
Ittial report, with plans and estimates, The rent nil feat Lire uf this 
system of flood control provides fur u dam across the Nile at the head 
uf I lie first cataract, or A miles ala>ve the town of Assuan* In 189?% a 
short time after Mr. Willeocks bad left the service of the Egyptian 
CioviTnmenh contniels were signed liy -Sir John Aird & Co. for the 
construction within five years of I he Assmln dam, upon the plans pre¬ 
pared by Mr. Will nocks. Sir Benjamin Haber acted zi> consulting 
engineer, and Air. Maurice Kitzm orris was appointed iv sklent engineer. 

Tlie dam ns completed during the pn^ent summer conforms almost 
throughout to tW [dans of Mr, Will rucks. Ills 'original plans pro¬ 
vided fur the construction of a dum following the line nf soundest 
rock across Urn stream* with under*! i lives having cm ami of ihuiHi 
square feet, or snllideut to nmy oil the maximum flood* of the river. 
In the plan of l $*M n I dip undcrsluices were provided of the same 
capacity* In the final design there sue 14-u unde rsh rices* eacbSJ by fi| 
feet* and h? at a higher level* Ill by tf.J feet, giving n dnieewny of 

^4,' ■'h* Sij n;i re fceL 

The motion of the height of the ilain involved a vexatious problem; 
the island of Fhihe* which lies just hIhjvc the cataract* eiiTitaina 
some of the best preserved temple- mid buildings of undent Egypt. 
Mr. W illvucks T plan of :l dam* h'u feet above the zero of the Assuan 
gage, with a eajmcUy of gfbuiiUjiflKMHUi cubic feet of water, would 
submerge tlwwo temples to a depth of sjfi feet for a portion of each 
year. In Ids book u|H>n the dam, Mr. Wtllcorks suys: ‘‘The hiter- 
nmtioiuit held widely divergent views about Phi he temple. 

AL Houle refused to have anVthing to do with a project which in 
any way deranged the temple. Signor Torricelli said that lie had 
I teen asked IiLh Opinion about the dtim* and about the dam he would 
give his opinion, regardless of temples und antic}uitlc« T which wore 
outside his province. Sir Benjamin Baker proposed ruisiug the whole 
temple* like u great Chicago hotel, idan nltove the high level uf the 
n&ervoir* Savants and [iiitejimrivs. und many who were neither 
savants nor antiquaries, but to whom Phi Iw offered an easy iipportimity 
oF obtaining notoriety, all joined in the fray* Eventually, in a moment 
ofgmte weakness* the Egyptian fiovmimanL buoyed tip by a stie- 
ressmn of good stnimiers, accepted the lowering of the level of tin 1 
reservoir* so that only a jmrt of Philuc temple should bo drowned, 
lhv new reservoirlevel waste ho:>U feet la-low ibid kUherto pro[RHed ? 
and the capacity of the reservoir was to be reduced from 85,000,000,000 
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to m NN|.« n MMW'0 cubic feet of w nt.-r. Fortunately the eouditiomi of 
(stability laid down by the International Commission on the initiative 
of Signor Torricelli were so severe that 1 win* able to design n dtuu 
nominally capable nf holding up 35,INJO,WM),UOO nt hie feel of wfttcr, 
but actually strong enough to hold up T^OOO^M^flflO. 

The dim I is located 5 miles south nf Aasufln, OTabout 550 milt’s south 
of Oliro. at the brad of the ftrst cataract. At this point the Nile falls 
til kui t to feet in 4 mile*. the lied of the rivov beinggranite rock. The 
full it* so slight that the cataract through tinwt of the year is pmetii ally 
no more than rapids. The Nile boot* go down the rapids anti are 
totved up at nearly nil stages of the river. 

The diuii is almost exactly one and a quarter miles hmg and lues a 
maximum height above the foundation of 117 feet, l’lie foundation 
was laid upon solid granite throughout. The rock was decomposed to 
a great depth: in some cases ns much as 45 feet were removed before 
solid ruck was found, 'lids large amount of excavation increased the 
actual cost of the work beyond the original estimate. No drill holes 
were made in the underlying rock before the work of construction 
was commenced, so that the information upon which tin* original esn- 
mate was made w-as not as complete n> it might have hern in lids 
respect- The dam is S3 feet wide at the top and allows for u roadway 
13 feet wide, on which is laid a narrow--gunge truck. The rock is 
granite, quarried near by, and laid in Portland cement. It is said that 
i>ihj.uU 0 barrels of cement were used in this masonry an order sufliri- 
cnilv large to materially affert the market value of cement in England. 

It is interesting to note that although the volume of masonry is very 
large, yet it approximates only one-fourth of the culm-contents of the 

Great Pyramid near fatm. 

The building Of the darn was rendered imperially difhcuU by the 
high Hoods which annually conir down tin* Nile, the normal dilrer- 
cm e in level beta evil high and low water «t As-uan is 3* fort, and 
work could in- carried on to advantage only during low water. 

To expose a portion of the riverbed, dikes wen- 'mill, am tin- pw- 
tion of the bed thus laid l*tre was excavated to solid rock. I be f.nm- 
dation was then built up toalmut normal flood level, and a new portion 

of the lied dried. In Ibis manner the ..ItUiou was completed across 

the river, and later the superstructure was added to the desired beigiit. 
A> will In- seen by the a&iunpailying illustration*. there was a great 
ileal of band lobnr, us many ns L^.iioi' workmen being employed nt one 
time, about one-tenth of whom were skilled Italian mason*. 

The sluices arc amuigi-d in tiers at three levels. Iron gates of I lie 
Stoney system, running on roller* in steel grooves, permit the dosing 
or opening of all the sluice* in a very few moment*, the gates lining 
aiisp -1 idvd mi steel wire cable and falling by their own weight. I he 
winches are operated by Imnd. A few of tin- slide vs are lined with 
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iron, but the greater number are Lined with dressed granite blocks of 
large <\7A\ 

Around the western end of the dmii n ship canal 3^ feet wide, with 
four locks, has been to tuple ted. This canal added very materially to 
the total cost of the dam. The gates in the canal arc wild t■ > he mn- 
structcd on pluns drawn for lin k gates on the propped Nicaraguan 
Canal* 

The >luhe gates in the dimi are opined during the first pan of the 
flood season* In ibis time the murldiest pari of the flood | masses 
through the dam* As the river commences to fall—and fortunately 
the water carries mueh less sediment at that time—the gates aie 
gradually lowered. As the flood subsides, a portion of the water [3 
thus held up, and when the season of low water arrives* with its niti- 
sequent .scarcity in the perennial canals Lower down the river, the 
reservoir is full. Then flic gates are slowly opened, and its the river 
continues to full the reservoir supply is dtnwn upon and the flow 
downstream from the dam msiiiLtuined sudicionfLy to irrigate the 
desired acreage of land, Tlie flow out of the dam is arranged so that 
the reservoir will he empty and the gates of the sluices open when the 
Hood again comes down the river. There are no itanak of large 
taken from the river near tho data, so tile water which is stored h 
Eurued into the river and taken out again further down the stream. 

By tills system of managing the gates in the sluices, it is hoped to 
allow the greater part of the muddy water to go b£low (he dam and 
to store the dourer waters of the Inter part of the flood. These later 
waters arc known to lie much dearer aad to carry a sediment which 
w ill remain in s 113 pension for a. Lung time: yet (he problem of silt in 
thin reserrnir is a serious one and the results which arc obtained from 
this typo of dam will tie watched with interest by American irrigation 
experts* 

The reservoir its now completed has a capacity of -SlHUHNi nem-feet. 
or, according to Mr WilU-oyks, enough water to irrigate diMijNHViiirres 
of cotton and sugar nine. As has boon stated, tins water is not to be 
used for the extension of the irrigated area in Egypt, hut is intended 
totalised in extending the area of perennially irrigated land at Llic 
expense of the area under bnatu irrigation. 

I lie cost of the dam 0111 not Ins stated aecumtoLy, The original 
estimate wm $s.ToO,oh^ but this sum was exicedcrL The total cost 
to date is between tlie above sum and $|U,UMJJ)0O. making the rust 
about $13*50 per acre-foot* The value of this water to Egypt is said 
to fa* $UhUN>0JKKh nr ten times the actual cost. 

The Assuan dam is but one of a large number of engineering works 
pi 111 mud for l.he complete subjugation and eoirtnd of the Nile. It ifl 
hoped to build weirs and controlling work* on the Nile at n number of 
(HiuitjH hIjoyc Assuan for the irrigation of desert land in the Sudan and 
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Plate III, 



Locw, Gate on the Ship C±ha l Anoutit* the Dam. Built fh&m 
Deshns Made fq* the Nicaragua Can±l_ 
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Building THE $N»P Canal. 
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The Ship Onal which Provides for NAVtOATian Around the Dam. 
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(’entnil Africa, Below Vssium n weir lias n bendy been built at A>siut 
11 nd one is under construction at Ziftn. These weirs in designed to 
raise ,[«, level of tin- MW ai low water to lilt Hie irrigating ennuis 
already in operation or to 1 «‘ const meted, As a safety valve, to let 
the hiidiM ami destructive flood* escape, u plan is under consideration 
to construe! a mmd to Wady Kay an. a depression in tin* Sahara to the 
wcs t of tin* Nile Valley, and drain into it the excess of water which 
would otherwise damage Middle and Lower Egypt. 


To again quote from Mr. 1 d iileoeks: 

14 The Assuan dam is n work of a type designed for the conservation 
of tin* Hood waters and which is new m the world- if Miici^sful it 

will mark.poch in dam building. I belt* must lie sites on the tor- 

rential river- of the arid and senna rid tegiona of hontb Afina. Aus- 
iralia. ami North America, where dams of the type of the one .it 
\Ksntin w ill simplv a want which has long hwm rccogmawl. 

' -A ,,,-ryoir im. W~«J* 



newife’into manv aiamdoucil projects for perennial irrigation 
rW iwovkioaof m'renatal irrigation is not the only object for which 
l hist via■ of dain !nav k' emidoyed. Provided with Us numerous Hood 
own fairs it mav W looked upon as a weir enable of controlling the 
SS HvSin Hood just as ordinary wells control then! m unm 
ofW mioplVit may thus I* utilised for the regulation <* M -up 

piles, uf niffs ami for their employment m Imluii m tnondulmn imgii 
fori Vs dr-igriwl for Assuan, its use is rutile Ml to -i ' 

mml oUUfornt of sound risked.... upon, bul.designed in 

1 ; or ‘ribbed concrete.- i I.»|h- i-- « 

JJSi gorges and tfamttW valleys, where /*» will go as far as t,o 

ill ;t brottd pUtfOTEDa 7 * 

tJnfort.. ill America the characteristic* of our rivers, their 

tl^kuml then .. sediment carried, arc not its well. known as 

,| jev gbould lie; Imt each year adds volumes to our knowledge of these 
Streams,and by the time any extensive system is to be put in Ota*ration 
our knowledge will be much more complete. 
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By Wimjasi II. Huitn. 


The Pin.. route «s a lim- nf transit across the Isthmus was estab¬ 

lished. ns hour as can In* (IntcflninpiS, betinvn 15A* and 15201 Htt 
firat settlement, tt the Kite of the town of oltt (Vtuuiia, 0 <w < mile* 
easterly of the present city of that name, wns begun in August, 1517. 
This win* the Plicilie end of the hue. fb( At In lit it? end wuh finally 
established in 161D nl Xottibre tie Dios, I lie more easterly |M»rt of AeJn. 
where Dallam was tried and executed. him tip iirst Immmi selected. Imt 
hi ibt«qliehtly n■ jeeted. 

The old town of Panama was made u city by royal tie*'ret* from Llie 
throne of Spain in September, l&stf. At the *mne time it wns given n 



I'ndilr* Of E^tiTlit 111 IL PKltO. 


rout of iinns, mid special privilege* were conferred upon it. The 
course of travel then established ran by a road, well known at the 
present time, through n small place culled Cruce* oil the river Chugrrc, 
alaiul 17 miles distant from Pnnniiia. It nm*i have Iwcii an excellent 
road fur those days. Bridges were even laid across streams, and the 
surface was paved, although |W«bly rather erudely. According to 
some accounts it was only wide enough for teat by Innate of tmrden. 
Imi some have stated that it was wide enough to enable two carls to 
juass each other. 

The hurl mi r of the Atlantic terminus at Sombre do Dios did not 
prove entirely satisfactory, nud Porto He! to. westerly of the former 

m Keprintvil. by fwnntsston, from "Andrnt nwl Modern En^oceruia nml The 
Isthmian Cbnal,” by William II. Harr, i«ntiww.i( nvi) mawM-nti# In ('otnmtm 
I iiiven-ity. Sew York, teiblinhid by John Wiley Jfe Sons, New Yi»rfc. 11 nvi. (Vipy- 
righl, 191)3, by William It, Burr, 
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I>oiiir, was made the Atlantic port in 1597 for this isthmian line of 
tmnriir. The harbor of Porto Bello is excdkiii, and the location was 
iiitjri 1 healthful, although Purity Bello itself was siibftEcjUeiitt}* aban¬ 
doned. klgdy on ucroimL of its imhefilth firings*. 

A> early its I eo4. or soon after that date* boats Ijegari to pstss up 
ami down the Chiigres River between Crtttto find its mouth do the 
Caribbean shore* and thence along the court to Sombre de Diusuml 
subsecjcently to Porto Bello, The importunes of the mumlet'vp which 
spmno up across the isthmus and in connection with lids isthmian 
route is well set forth to the last paragraph on page ^8 of the Re[>oit 
of the Jsthriiinn Canal Commission: 

I he commerce of the isthmus increased during the venture and 
Pimuitm became a place of great mercantile hti|H>rtunce, with a profit- 
able trade extending; to the Spree Islands and the Asiatic coast- Jr was 
at the height *«f it* prosperity in 15S5, mid wasenlled with gmnl rai'iin 
the tollgatc between western Europe and eastern Asia* Meanwhile 
the enjjimeree whose tolls only brought such benefit' to Panama 
enriched Spain, and her people were generously rewarded for the aid 
gii en by h erdinand an* I Isnlwdla in me effort to open a direct route 
westward to Cathay, rmtw itbmmdmg the difl&d vantage-of the isthmian 
transit. 

This commoreial prosperity suggested to those interested in it, mid 
soon after its beginning* the fusibility of a shift rim til to rnrmeet the 
wntcrs af the tw(» Mttifi, it is stated oven that Claudes \ directed 
that n survey should I hi made for the jitti-posnuf determining ihe fcart* 
tdli ty of such a work as early :is IftilL **The governor, Paseuu! Auda- 
goya. reported thul such a work was impracticable and tlial no king, 
however powerful he might be* was cnjiablg iff forming a junction of 
the two seas or of furnishing the means of carrying out such tin 
undertaking.” 

I r i"om that time on the city of Panama iucreasi**! in wealth and popu- 
(ation in consequence of its t'oimncrcial importance. Trade was e-tale 
Jelled with the west roast, of South America tmd with the ports on the 
Pacific roast of Central America, In spite of the fact that it was made 
h y the Spaniards a fortress second in strength in America only in old 
i urtageim* it was sucked find burned by Morgan s buccaneers in Kv li- 
rua rv. The new city, that is, the ]irc*rnt city. wn> founded in 

l«jy it not iieiijg conSderefl adviaahh* to rebuild on*the old site. 

I he jii'ojri't of ilCiinul on t hi* route* wil* kept nlice for tttore than 
thri'e centurir.s by agitation sometluu'H active mid sometimes tipjKir- 
ently dying tmt for long jM*riods, until there ivus orgunized in IViri*, 
in isTt;, ii company entitled‘“SoeMWi Civile Intematiuimle du Cmml 
liitermynmqui'.*' with Gen. Etienne Turr ns pri-sidaat. for the purpow 

of making survey# and exploration* for a atrip mmi Ik- tween the two 
oixsana on this route. 

rite work on the isthmus for this company ivus prosecuted under 
11 "-iiKtioti of Lieut. L. N. U. \V ysc, n French nuvtil officer, and be 
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Plate I. 



Fig 1. View of the HARBOft uf Colon, 



Flo. 2. The pJHTi*Lj.r Computeo Panama Canau About Eight 
Miles fhom Colon. 
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Plate IE. 



F\q. 1-The Excavation gf The Bon to Lock Site, 



Fin. 2, The Eastern Face of the Culebha Cut. 
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obtained for his company in ltfTB a ciinfcsskm fitmi tin* tjoiomhiim 
Government, conferring' the requisite right* and privileges fur the 
corwtmetion of a ship inriiil on the Panama route uud the authority to 
dr* such other things u> might In; necessary or advisable in coinuHition 
with that project, This eouWsteiuii i* ordinarily known ns tin* Wy«* 

< roller sslon. 

A general plan for this trims-Isthmian canal was tin* subject of con¬ 
sideration at an internal ioTiid sdcntifio «nig«^w nmvened in Pari* in 
Slav, ism. and eoipposcd of U5T> delegate* from France, Germany, 
Great Britain, the railed Steles, and oilier countries. but the itmjor- 
ity of whom wore French, This, congress was convened under tin; 
auspices of Ferdinand do Lesscps, and after remaining in action for 
two weeks a derision, not unanimous, was reached that an interna* 
tional iitniii ought to la? Inrated on the Pumunti route, and that if 
should 1«* a sea-kvrl canal without locks. The fact was apparently 
overlooked that the range In-twoon high and low tides in the Bay of 
PatmniH. about 20 feet, was so great as to require a tidal lock at that 
terminus. 

A <a>in(ntiiy entitled ” (Jompugnio I'niversrlle <iu (Vuni InteriHfa- 
niqun” was organ had. with Ferdinand do Inswap* a» president, imme- 
dlately after the adjournment of the international emigres*. The 
ptir|tosr of lliis company wn* the construction and <q>eriition of the 
mi nil. hi id it purchased the Wy*e concession from tbo original com¬ 
pany for tin* sum of iojhhi,iiiw francs. An immediate but unsuccess, 
fill attempt wus made to finance the company in August. L*7!>. This 
necessitated a second attempt, which was made in December. isSii. 
with success, as the entire issue of WH.1.UU0 rfharos of out* f runes each 
was sold. Two years were then devoted to examinations and surveys 
aud preliminary w ork upon the canal, but it was ld88 liefotv opera- 
upon li ]nrj*o m a ate were begun. Tin* plan udo]tted and followed 
by this is ini(Nitty was that of u sea-level rantd, a (fording n depth of 
op.8 feel and a Is.ttom width of 72 feet. It-was estimated tluit thfl 
necessary excavation would amonnl to la7.iNio.iNni cubic yards. 

The Atlantic terttthuis of this iimal route was located nt (’ohm. and 
at Panama on the Pacific side. The Jinn passed through the low 
ir rounds just math of Monkey Hill lo (intuit. it miles from the Atlan¬ 
tic terminus, and where it first (not tin* I’hagTew River. For u dis¬ 
tance of ^1 miles it followed the general course of the ChagTCw to 
Obispo, Imt left it at the Litter |ioitit and passing up the valley of n 
Sinn! I tributary cut through ihe continental divide at Gule lira, and 
defended thence by the valley ur the lUo Grande to the mouth of 
that fiver when* it enter* Panama Buy. The total length of this line 
from 3o feet depth in the Atlantic Lo the same depth in the l’acilic 
was about -17 miles, Tim maximum height of the continental divide 
on the renter lino of the canal in lb® t'ulelira cut was about 338 feet 
above the sea. which is a little higher than the lowest point of the 
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divide in that vicinity. Important conrifforutioiu in connection with 
the adjacent alignment made it advisable to cot the divide at a point 
not it* lowest. 

Various schemes were proposed for the purpose of controlling the 
floods of the Chagrc* Hiver. the suddenness and niagnlttldo of which 
were at once remgiiiml us among the greatest difficulties to Im> 
etieounfared in thi- cimsimt-tkm of the work. Although it was seri¬ 
ously proposed ut one time to control this difficulty by building a darn 
across the Chagfv* ul; Gaml>oa f that plan was never adopted, and the 
problem of control of thet'hngres Hoot Is remained unsolved fora tong 
period. 

It was estimated by Dc Ijfwsnps in 1880 that eight years would be 
required for the completion of the canal, and that its rest would In? 

The company prosecuted its work with activity until 
the latter part of 1*87* when it 1 tccmiie evident that the sea-level plan 
of canid was not feasible with the resources at its command. t lianges 
were soon made in the plans, and it was 'concluded to expedite the 
completion of the canal by the introduction of locks, deferring the 
chaage to a sen-level canal until some period whan conditions would 
k> sufficiently favorable to enable the company to attain that end. 
Work was prosecuted under thin modified, plan until 1889 T w hen the 
company became bankrupt nnd \\m dissolved by judgment of the 
French court billed the Tribunal Civil do 1& Seine, on February 4, IS*- 1 . 
An officer, allied the liquidator, corresponding quite closely to u 
mciver in thin country, was apjiomlcd by the court to take charge of 
the company'* affairs. At no time was the project of completing the 
canal abmdqncd. but the liquidator gnulunlJy cariailod operations and 
finally suspended the work on May 15, 1881), 

lie determined to take into careful consideration the feasibility of 
the project, and to that end Appointed a “commission delude*/* com¬ 
peted of eleven French and foreign engineer*, headed by [iw[Hwtar~- 
General tiuillrmaim director of the Reals National? cies Pants et 
t’haussees. Tins commission visited the Isthmus and made u careful 
study of the entire enterprise, and aubsaqiiently submitted a plaii for 
the canal involving locks. The cost of completing tho ontiiv work 

was estimated to be $112,500,000* but the mm of . mure 

was added to cover administration and financing, making h total of 
f l 74 t 800,CH> K This commission rdso gave an approximate estimate of 
the VSilue of 1 he work done and of the plant at f£7 f ft'H) r n00, to which 
some have altached much more iiiq ho lance than did the oom miss ion 
itself. The hitter appears simply to have wade the **estimate M one- 
half n f the total cost of rmiipleiing the work added to tint of financing 
atid administration, as a loose approximation, calling it an “intuitive 
estimate; in other words* it was simply a guess based upon such 
information ji> had been gained i u connection with the work done oil 
the fsthinus. 
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Hv Ibis time the MfKcificd for miiujitnlhm under the original 

Wysf. concession had nearly expired* "Flu.- lupiHkitor then sought 
friiiii the Colombian itovennmmt an extension of ton yenrs, which wus 
grunted under t:he Cohmibimi law dated Devemlier j!lL UK+d* Thin 
extension was totsed ii[hmi thr provision Halt u now cnttipEmy should 
formed and work on the canal resumed not liter than February 
\&*XL Thr hitter eonditin n was not fulfilled, and ft soeotid extension 
wa> obtained on April 4* 18113* which provided that the ton-vour vxten- 
siou of Unlit gnuiUal in JM-wi might begin to nunit uny time prior to 
Oi'tolxnr 3t, IhiM, hut not Inter than that date, When it became 
apparent tlmt tlio j provisions of this lost extension non til not he cur¬ 
ried out an agreement between the Colombian Uuv eminent und the 
Noiv Panama Gomfmny enured into on April s£d, which 

extended the lime of eniiiplction to October At ? l 4 .*P*. TJur validity of 
tills Iasi extension of time bun lieeii questioned* 

A new company, commonly known a* the Now Piuimnu CuonJ Com¬ 
pany! wms organised on the t&}th of October, 1 MU, with n capital stuck 
of shares of Imi frunes each. V rider the provisions of the 

agreement of ftecomhcr + Jrt, t81W, authorizing uu extrusion of time for 
the construction of the ennui, 5'SOOO shim's passed us full-paid -stock to 
the Colombian Government, I living the actual working capital of the 
New Fa uu mu Cumpimy at fM,irtfj t O0Q franc*, Hint amount having Imvu 
mil bribed ill cash. Tiiomostof this capita! .-hH L k was ^tthgrrihcd for by 
certain loan associations, administrators, m intmelors, and othersagainst 
whom auita bud been brought in conscqu&nee of the limincm! difHmil- 
thKj of the old company, it having Iwn charged in the smnduF attend¬ 
ing bankruptcy proceedings tlmt they hud profited illegally. Those 
suits wera discontinued under agreements to subscribe bv the parties 
intorestod to the capital stock of the new com pm y, The sums thus 
obtained constituted more ihan two-thirds of the tMMKKbQiJi) francs 
remaining of the share capital of the new company after the Colombian 
Government received its aiijNio shares. The old Lompnnv had raised 
by t hs- sale of stoeh and bond not far from ^JrthniKM^^h and the num¬ 
ber of persons holding tli<■ sjeuritits thu> ^old has been r^l limited at 
over 20QjN.i0» 

Tile Panama Railroad Company holds a cxineesskiii from the Colom¬ 
bian Government giving it rights prior to those of the W vse concession, 
so that the latter eimEd not become effective without the concurrejice 
of the i Vmania Kail road Company. This is shown h v the language of 
Article 111 of the Wym concession, which reads as follows: 

-“If the line of the canal to be constiiicted from sea to sea should 
pas> to the west ami to the north of the inmgiiwy straight line which 
joins Cape Tiburun with (lanichine Pointy the grantees must outer 
into some tameable arrangement with the Panama Railroad Company 
or pay an indemnity, which shall be established in uceoitkince with the 
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provisions of law 4H, of August l»L I3GT* ‘approving the contract 
celebration on July 5, Mil. reformatory of the contract of April Ift f 
IHuihforthe const ruction i*f an iron railroad froui one. ocean to the 
other through the Isthmus of Panama/'* It Iwcame necessary* there - 
lore, in order to control ihi^ feature of the situation, for the old 
Pun eii on (Vnnpanv to *tidure at leant a majority of the stork of the 
Panama Ihiilnmd Company. As n matter of fsict the old Fomumi 
(Jmial Cbmjuinv purchased nearly HShOtm out of tlir 7ti,uno shares of 
the Panama Railroad Company. each such share having a par value of 
$100* These shares of Panama Railroad stork are now held in trust 
for the benefit of the JI«w Pimuma Canal Company. A part of the 
expenditures of the old coro^tny therefore covered the cost of i In- 
Piuumui Railroad Company's shares now held in trust fin 4 the liejnTu 
of the new company. 

Immediately after its organize on the New Panama Canal Company 
resumed the work of excavation in the Etupermbr and t’ulebm cuts 
with a force of men which lias been rajmrtod tis varying I let ween LIWmi 
and 8,UU0. It nlso gave thorough consideration lo the subject of the 
heat plan for the completion of the canal. The company’s charter 
provided for tin- appointment of a sjseiiJ engineering roiiiini&doti of 
five members by thecoiii[uiiy and the liijiudator Ui report u|ttm the work 
done arid the conclusions to l>e drawn from its study. This rqiort 
was to he rendered when the amount expended by the new csompuny 
should reach almut one-half of its capital At the satnr time the rom- 
pany tdfio appointed a "Comity Technique/' constituted of 14 eminent 
Kiirnpttiu and American engineers, to make a study of the entire pro¬ 
ject* which was lo avail itself of existing data mid the results of such 
other additional surveys and examinations m iI might consider nere*- 
wary. The report rendered by this committer wa> i lalxinite, and it 
wtis made NiavrndM-r hi. Iv P +s. [i was referred to the statutorycom¬ 
mission of live, to which reference has already boon made, which rom- 
mission reported in JrtUittlml the canal could lie constructed within 
I he 11 ini ts of I iine and aaiiicy estVmsite'd. On I Irren 1 1 m> r HI K l Hill K a 
special meeting of the stockholders of the new company wil» called* 
hut tin* liquidator, who was one of the largest stork holders declined 
to take part in It, anil I lie report enn.sripieotly has nut received the 
Required statutory toritdde ration* 

The plan adopted by the company placed the mini mil rn elevation of 
the summit level of the canal at UTjr feet above the sea, and a maximum 
at 102 h frid above the same datum. It provided for a depth of 3!! 
feet of water and u 1 tot Unit width of canal prism of about US feet* 
except at special places where thh width WHS increased. A dam was 
to Im 1 : built near Itahio, which would thus form an artificial lake* with 
it* surface varying from 52*5 to itfM> feel above the sea* Under this 
plan there would la- a flight of two locks at Bolriu* nlnjiit Ifl miles 
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from Uie Atlantic end of tSic- canal, and another flight of two lock8 at 
Obispo, plaint U miles from Bahia, thna reaching Hie summit 'ford: a 
single lock at Baraiau, Ijctween ts and 7 miles from Obispo; a High I of 
two locks hi Pedro Miguel, about 1.25 miles from Puruiso, mid finally 
h single lock at Mtrtflores a mile and a quarter from Pedro Miguel, 
bringing the canal clown to the ocean elevation* The htea Lion of Ellis 
line was practically t lut" same as tbsit of the «dd company. The jivnil- 
stblc length nf mcU lock chandler was- feet, while the available 
width whs *2 feel. Hie depth in ihedear bring $8 feet lb inches. The 
Itfls were to vary from 2li to Hit feet. It was estimated that the cost 
of linishirig the canal on this plan would be 8i0l,8hOJNH>, exclusive of 
Administration utid financing. 

Jii ui dur to control the floods of the Chugs'es l£ivei\ and to furnish 
si supply of waiter for the sum mil level of iheeuuaLa duns was planned 
to hie built at a point called Alhajueh, a)mut 12 miles from Obisja*, 
from which a feeder td»mi Lu miles Sung, partly an open canal and 
jMirtly in tunnel* or pipe, would conduct the water from the reservoir 
thus formed to the summit, level. 

Although the plan as described was adopted* the ^Goniibf Tech¬ 
nique v apparently favored a modification by which n much decjwr 
excavation through Culebra llill would he made, thus omitting the 
lochs sd bulb Obispo and Ftintiso and making the level of the urttlhdul 
I dike Ikihiotlie summit level of the ennah In this modi tied plan the 
bn! loin of the summit level would In? iilamt 32 feet aliove Hie sea, and 
the minimum elevsilinn of the summit level 111.5 feet iilwivi! the 
Tills modification of plan hail the material advantage of tdUuimvUiig 
ImhJi the Obispo and Paniiso lock*. The total estimat'd cost of com¬ 
pleting tho canal under this plan was about ^luri,-lO(> 1 iwii.i i Although 
the Allmjuda feeder would he omsttftd* the Alhujiiebi reservoir would 
Iw retained fis an agent for cunt ml ling’ I he Clmgrts, Hoods ntid to form 
h reserve water supply. r rb<- difference in cost of these two plan* was 
com|RtrHtivvly small, bul I lie additional time required to complete 1 
that with [he lower auvumit level was probibh one of the main 
run side nit ium- in its rejection by the committee having il under 
ta inside ml Tun. 

This brings tin- project up to the time when the Isthmian C 'anal 
Commission was created in lKPM and when tin- force* of tho New 
r&iiiuini f/mini Company were employed either in biking cure of the 
enormous amount of plant liequmtlml to it by the ohl conqitiny or in 
the greatexcavation at Emperndof Mild Cuirbni, The total excavation 
of all classes, made up to the time when that Commjssioa rendered its 
report, amounted to abend cubic yard-* 

The work of the CommUdon consisted of a comprehensive mid 
detailed oxaniination of the entire project and all it^ accessiries, as 
roncemplated by the Mew Panama Canal Company, and any modithiv 
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lions of lU plans, i-h Iti-r us to alignment, elevations. or suntudiary 
works, which it might determine advisable to recommend. In the 
execution of this work it wa^ necessary. among other things, to scud 
engineering parties on the line of the Panama runic for the purport 
of maklug stirveys and examinations hecessury to confirm estimate?. of 
the New Panama < anal < Vmpuny a> to ipimd ities, elevations. or other 
physical features of the Hue selected, or rei|uiivd hi modifications of 
alignment or plan*. In oilier to aceninplLsh this jjurtion of Sts work 
the i .\mi miss ion placed tiye working [dirties oil the Panama route with 
engineers mid other assistants and 41 l&l Hirers. 

The Commission adopted for the purposes of its plan* and estimates 
the route selected by the New PatiumaCamLl Company,, which 3s casein 
thilly that of the oh! emnjnmy- Starting from the d-fathom contour 
in the harbor of Colon the line follows the low marshy ground rnljola- 
ing the Bay of Lie non to it> intersection with the Mmdi River; thenee 
through the low ground continuing to fnitum id>out it miles from 
Colon, where it first meets the Clnigivs Ififor* From tills point to 
Obispo the canal line follows practically the general course of the 
(.1 ingl es River* alt hough nt one point in the marshes below Buhio it is 
nearly ^ miles from the farthest be in l in the river, ut a small place 
called A ho mi Idigurto, Ik* Liu is about 17 miles from the Atlantic 
terminus, and Qhispn about 3b miles. At the hitter \m\ni the course 
of the Chogrcs River, passing upstream, lies to the northeast, while 
the general direction of the canal line is southeast to ward Fanuma+the 
latter leaving the former at this location. The canal route follows up 
the general course of a small stream* called the Camacho, for a distance 
of nearly 5 miles, w here the continental divide is found and hi which 
the great Culebru cut is located* about utiles f™ Colon and 13 
miles front the Panama tomiiniiH. After pacingthrough tin Cuklmi 
cut the canal mute follows the com-e of the Rio Grande River to its 
mouth a! Panama Bay* The mouth of (be Rio Gmade* whore the 
canal line is located, is about a mile and a half westerly of the city of 
Panama. The Rio Grande is n small, doggish stream throughout the 
hist 0 mih s of its course, mid for that distance the canal excavation 
would be made mostly in soft silt ur mud. 

Although the line selected by the French company is that adopted 
hv the Isthmian Canal Company fur its purjaises, a number of most 
important features of tie 1 general plan have been materially modified 
liy the Commission, m will I w easily understood from w hat has already 
been stated in connection with the French plans. 

The feasibility of a sea-level canal, but with a tidal lock at the 
Panama end* wins m re folly considered by the Commission* ami an 
approx rmale intimate of the cost of completing ihc work on that 
plan was made- fn round numbers thF estimated cost was alsjut 
(Sl 50 t lH)Q * GOO, and tiie time rei|uiitwrl to complete the work would 
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probably In- nearly or quite twice flail iienled for ill* 1 iion.slrurtiuii of 
:i canal.with loek>. The rumiiii^ioii therefore adopted n project for 
1 he cmi,iijiJ witli liH-k^ Both plans and estimate- won- carefully devel¬ 
oped in accordance therewith. 

The hurl Kir of LYdon ha* t>een fairly satisfactory for the eominenco 
of that port* but it is open to the north* Jind there are probably two 
or three days in every year during which northers blow into the hur- 
lior with siieh intensity tbit .ddps anchored there must pul to -<a in 
order to escape damage, The western 11 cnit of 13 1 i^ harbor is iiri arti¬ 
ficial [joint of laud tinned hy material deposited hy the old Puimmii 
t jiiimHdmpany: ii is called riiristuph t'ol«ni, and near d- extreme 
end tire two jn roe frame residences In tilt for 1 b* Li ^seps, The cut ranee 
tii the canal is iumicdhitcly south fi r rhi- artinciu] point. Jhr Com¬ 
mission prnji'Cted si canal entrance from the tl-firtboiii eon tour in the 
Buy of Linion, in which the harbor of Colon i- found. swinging on n 
gentle curve- bJrfW feet radius, to the left around behind the sir!ilieiid 
point just Dieutinned and then sietns^ the shore line to the right into 
the lowland -milhtrly of Colon. This channel lut> u w idth of 50U feet 
at tin" 1 h hf t- inu with ddc slopes of I on :i t except on tin- ^s-und eurvr p 
which is somewhat * harper than the liM + where the f rut tom width id 
amide son fact for a length of riMU feet fur the purpose of :i suming- 
busin. This brings th> line Into the canal proper, fo* ruing a well- 
protneted harbor for nearly a mile inside uf The shore line. The 
distance from the d-fa thorn line to (his interior fmrlior is sihoul if miles. 
The total eosl of corner Lie ting the channel into the harbor mid the 
harbor itself is £s,iio7.7o7, and ihe annual cost of maintenance is 

placed sit .i. The harbor would In' perfectly protected front the 

northers which occasionally blow with such intensity in tin- Hsi\ of 
Linton, and it eon Id readily hematic in all weather* by ve>M>]* seek¬ 
ing it. 

The harbor at the Pucitie end of the channel win're it joins Panama 
Bay is of sin entirely different character in isnne respects. The Bay 
of Panama is a place of light winds. Indeed it has been asorted that 
the difficulties sometimes experienced hy sailing vessel* in finding 
wind enough to take them out of himitmi Bay are so serious us to 
ci institute a material objection to the location for si ship eunu! on the 
Panama mule. This difficulty undoubtedly exists at i inies. but the 
simple fact is to he remembered that Panama was* a port for -ailing- 
ships fur mote than two hundred years before n slemndtip was known. 
The harbor of Panama* as it now exists is a large uren «]f waiter at 
the extreme northern limit of the \niy* immediately adjacent to the 
city of Panama* protected from the south by the three I-hinds uf 
IVrieo, Nuos, and I'ulohra. Ii has been culled u roadstead, Then- 1- 
good anchorage fin- heavy -dm ft ships, but for the ino-t purl the water 

sm ipos-—-as 
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is shallow. With the Commission’* mijnirement of a minimum m-pth 
of wate r of 35 feet, a channel about 4 mile* long from the month of 
the Rio Grande to die twfuthom line in Panama Iky nsu*t be exca¬ 
vate! This idinimd would have n Ijottom width of feet with side 
slope* of 1 on H where the material is MjfL Considerable rook would 
have to be excavated in this channel At 4.41 miles frntp the+Mnthuiii 
line is located a wharf at tln K point culled I*a Uova. A branch of the 
Panama Railroad Company runs to I his wharf, mid at the present time 
deep-draft ships lie up alongside of it to lake on amt discharge cargo* 
The wjuirf is a 4ccl frame Mnicture* founded upon steel eylmders. 



carried down to rock by the pneumatic process, Its cost was 
about ^L^S-IJhUi, The total oust of the excavated channel leading 
from Puntmia Harbor to the pier at Ln linen is estimated by the Com- 
minion at $1*4+5 4 t 513* As the harbor at Panama is considered an 
open roatktwid, it rrspLires no estimate for annual cost of nmintenunee. 

Shi.ri.iTig from the harbor of Cohin. the |irism of the canal is exca¬ 
vated through the low and for the most part marshy ground to the 
little village called IMuu. The prism would nit the Cbagrcs River 
at '* numlwr of points and would require a diversion channel for t hat 
river foe n distance of iitami 5 miles on the Westerly side of the canal- 
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Levees, nr protective embankments, would also i*e required on the 
fiunir side of the cihuiI I Kit wren Rohio tmil (ijitim* the (’hugres ltivor 
leaving tlia canal Hue ut the latter point tin tin: way to the sctu 
Tin? prim;rpul engineering feature of the entire route i- found sit 
Rubin; ii is the great dam aerate the rhagn*H Hirer at that Point, 
forming Lake Itduo,the summit level of the canal. The new Panama 
Canal (imipunv located I his dam at a point about 17 miles from Cohan, 
and designed to make it an earth structure suitably paved on its faces, 
but without any other masonry feature* Some Imring* had I asm mode 
along the site, ond test pits were also dug by the French engineers. 
It was the conviction of tile LHnnioit Canal Ouumisslon, however* 
that thn character of the proposed duiii inight U 1 affected by o furlln-r 
examinolion of ihe subsurface material at the nits 1 , t 'on*c<|UC!ntly the 
boring partiiv of the 4 oumiMon sunk a large nnmlier id Iwue I 10 W 
ai sis different sections or possible sites along the river in the vicinity 
of the French location. These (wring* revealed great irregularity in 
the ehanu tor and disjmsition of the material Mow the l*-d mid banks 
of the river. In some places the upper stratum of material m\x 
almost clear day. and in other plains vlcur -<&ihL while all degree* of 
admixture of day and stmd wen- also found. At the French she the 
bed mck at the deepest point Is 143 feet Ih'Iuw level, with large 
masses of mrrlmifi and semiprmotiH H&nd, gravel, mid mi mu re- of 
thusc material with einy* Apparently there is a geological valley in 
the rock along the general course of thuiliagrea liiver in this vicinity 
tilled with sand, gravel, and cby P irragiiUirly distributed and with all 
degrees of admixture, large masses in all eases lie-ing of open texture 
and i>ervioti8 to water. The site adopted by the Commission for the 
purponea of iis plan* and estimates is lm*ated nearly half u mile down 
the (course of the river from that fleeted liy Ihe New Panama Canal 
Cn!u|Muiy. The geological valley is nearly '2j m Hj feet wide at this lum- 
tkm. but the deejie-t ruiek disclosed by the IiorittgH of the ('omminaion 
hi but J2K feet ?Ndow sea leveL The actual climmel of the river i-* not 
more than I ."To feet Wide and lie* on the extreme easterly side of the 
valley. The easterly or right Umk of the river at this place is clean 
rock and rises abruptly to an elevation of iilmut 4D feet above the river 
surface at ordinary stages. The left or westerly bank of the river is 
eomjiaeUd day mid su inl a nd rises equally as abruptly os she rocky 
bunk of the other side, and tu about the same elevation. From the 
top of I he a I imp t study clay kink n plateau of rather remarkable imi- 
foimily of elevation extends for nlaml )3 ni feet in a southwesterly 
di vert ion to I he rocky hill in which the Hob to loeh* would be located. 
The rock slope oh the easterly or northerly Uink of the river runs 
down under tin 1 smniy river bed, but at such an inclination that within 
the limits of the channel the deepest rock is less than 100 feet below 
sea level. 
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After the..fiction of nil it* examination,*, and nfior a careful 

study of tile i Liin disclosed by them, the Commission demiifd it advis¬ 
able to plan such a due us would rut uir alnsolutely nil jHisslbla tuili- 
siirfiu* lloiv or se<!]HLge through the sand and gravel Ixslow the river 
surface. It is. to he observed that such a subsurface flow might either 
disturb tin' stability of an earth dam or endanger the water supply »f 
the *utimilt level of the canal, or both. The plan of dam dually 
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Adopted hy the Comoii^icin for t lie purposes of its climates is *huwn 
■ v ” ,k ' kr "Ta!iyiag plim!* mid socticum. A heavy core wall of tiou- 
r&Diiry extendi from bed rwk across tbo entire? geological 
i lie top of the structure, or to mi elevation of 100 feet above 
jh'u level, thus absolutely dosing tie- entire valley against any possible 
flow. The thick iiOiAH nf this wall at the Viottotu *50 feet, but at an 
elevation of 30 feet bdftw neti level iLs s\Av* begin to blitter at such a 
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rate as to make the thickness of the wall 8 fret at it- tup. On either 
Hide of this wall arc heavy meu^ of earth embankment of fleeted 
material prnjwrlv deposited in layers with surface slope# of 1 on 3. 
As .shown by the plans, the lower portions of the core wall of this 
ctutn would he sunk to IjcJ rock by t he pneumatic process, the joints 
hot wee a tin- caissons being closed and sealed hy «yttnder& sunk in 
rercsses or wells, also a*- shown hy (he plans. 

The profile «f this route shows that the summit hwel would hare an 
ordinary elevation of £5 feet alcove the sea, hut it may be drawn down 
for uses of the canal to n minimum elevation of sg feet above the 
stone datum. (>n the other hand, under rimimistum rs to hr discussed 
later, tt may rise during the floods of the (/hngres to an elevation of 
Shi or jK^sibly til or feet above the level of the Hen. The. top of the 
dam, therefore* would he from si to lit feet above the highest possible 
Water surface in the lake, which is sufficient to guard against wadi or 
overtopping of the dam hy waves. The total width of the dans at it* 
top would Ile feet* and the entire inner slope would be puvrt) with 
heavy riprap suitably phiml and lidded. 

This dam would c rente an artificial lake having a superficial area 
during high water of about 4n square miles. The water would \m 
hut ked up to ei point called Alhujiielin, about ^5 miles up tlie river 
from Itohio. Fora distance of nearly 14 fidles L e., from Bohiu to 
Obispo—the route of the ennui would Etc in this hike. Although the 
Water would ho from so to IH> feet deep tit the dam for several miles 
below Obispo* i< would In- uoreftanry to make some excavation along 
the general course of the Chagres in order to secure the minimum 
depth of 35 feet fur the navigable dumncL 

The feature of Lake Uohioof the greatest importance to the sife 
and convenient operation of the canal i> that hy which the floods of 
the river Cling res arc controlled or regulated. That river is but little 
less tlion 150 miles long* and its drainage area, ns nearly ns can lie 
estimated, contains about 375 square miles. Above Bohio its current 
moves some aatid and a little silt in times of flood, but usually it is it 
dnar-water stream. In low water its discharge may fall to 350 cubic 
feel per second. 

As is well know'll, the floods of the t'tmgres have at times l>cen 
regarded ns almost, if not quite, insurmountable obstacles to the con¬ 
struction of a canal on this line. The greatest thud of which there is 
any semblance of a reliable record i- one which oocurrnd in 1*79, No 
direct measurements were made, but it is stated, with apparent 
authority, that the flood deration it Boh lo was 39.3 feet above low 
water. If the total channel through which the flood Sowed at that 
time had linen as large us at present, actual gauging* or measu nan cuts 
of siil^ispicat Hoods show that tin* maximum discharge in l*79 might 
have been at the rate of IBfh^M-iibfc feet per second. As a matter 
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fcf furl, the total channel section m I Suit yenr was less than il is at the 
present tiling Henec.jf it I h l assumed that h Hood of ton cubic 
feet jkt sen md must be cont-rollod,, an error on the safe side will lie 
committed. Other groat floods of which there are reliable rei-ortkare 
sis follows: 

tlC.|ghi Jit 

Yetf. Ilnhki dbnvt 

h m ff-fllJT 


S-J. t 

The nmximam measured rule of the I8fl0 flood was 7-urjs cubic feet 
per aocond, and that of ISAS* 48*975 cubic feet per second. It mclean 
therefore, that u flood flow of 75*1 hio cubic feet per second is very mne, 
and that u flood of l40*tKMi cubic feet per second exceeds that of which 
we have any record for practically forty years. 

It is obvious that the dam, as designed by ihe ComuiLssion, is of such 
character that no witter must he |>eniiittcd to How over its crest or even 
in ini mediate proximity to the downstream embankment. Indeed, it 
is not intended by the Ubmmta&ian that there shall lie any waste way or 
discharge anywhere near the dam, At a point ulioiif 3 utiles southwest 
of the site of the dam at Bohio is a low saddle or notch in the hills, 
neiir the head waters of a small stream called the (jiganta lliver. The 
elevation of this saddle or notch is such that a solid masonry weir, with 
a crest I feet long, may readily be constructed with its foiliiilations 
on bed rock without deop excavation. This structure in called the 
Oigante spillway* and all surplus flood waters from the Cliagres would 
flow over itp The waters discharged would flow dow n to and through 
noiim large marshes, one called Pcfrn Blanca and another Agtiu CIatu, 
before rejoining the Chagres. Inasmuch as the canal line turn just 
easterly of these mittshes, it would lie necessary to protect it with the 
levees or embankments to which allusion has already been luartle- 
Tlu.se embankment* are neither much extended nor very costly for 
siieli a project The protection of the canal would Ik? further aided 
by a short artificial ehiuinel between the two marshes, Fettn Blanca and 
Agnu Clara* for which provision is made in the estimates of the Com¬ 
mission, After the surplus w titers from the tiigunte spillway pass 
these marshes they iiguin enter the C hag res River or flow over the 
low* half siihiiiergiHl country' along its 1 Kjrders, and thence through its 
month to the scu new the town of Chagres, about |J miles northwest 

of GatUn, 

The masonry crest of the (rigante spillway would lie placed tit an 
elevation of Ka feet above the sea, identical] y the -ame as that which 
may in- called the normal summit level of the canal. It is estimated 
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that i ho total it.-es of water in tin- canal added to the Ins-. liy >'vii]>o ra¬ 
tion, tnk.it tf inches in depth per .nth, ftotii the aiirfaw of the 

lake will annum t to nlwut LuT" riiliie fefet per second if the l.mllic 
throngli tin* - iuml should nntuuat t< ^ lO,iP«> ; WtO tons per mi mini in 
ships of ordinary -d*.-. This draft ]**r second i< Mi>- sum of -|Oii lOildt- 

foi-t |H*r second fur lockage, H"T for ..atWi, ^. r >u for leakage at 

loot gates, and 2(X) for power: and other purposes, making * total dif 
Jji 03 t which Inis lieeii taken its l.i>7o on I dr ted pm - second, the 
i!n k umt of storage in Luke Hollio ktw'eeM the ■■I'-vtn ions of tCigml 

f. s*[ above .sen level, us designed. is sufficient to supply the needs of 
that truffle-i n cxt-ess of tin- smallest recorded low-water How of the 
t'lmgri' Stiver during the dry -cnson id a low-rain foil yctir, I he 
lowest iMonthly average flow of the Clmgre- mi record at Bohio i> 
limi cubic fed per second for March. IfflU. and for the purpose* of 
this computation that minimum (tow bus been supposed to continue 
for three months, 'Hus includes a sensible margin of safety. In not 
even the driest year, therefore, can ii In- reasonably exp-eted flint the 
siiintuit level of the numl would fall below the deration of S2 feet 
until the total traffic of the canal car lied In ships of the present oidi- 
nary si/,c shall eM i cd in.OoogKKJi tons. If the average size of ships 
continues to itim-iisc, us will prnlwbly in- tin- '-use, less water in pm- 
imrtion to tonnagd wilt lie re- joins I for tin* purposes of lockage. T’Ijim 
follows from the filet l hut with a given tonnage Liu- greater the tiipucity 

nf the ships the loss the i.iber rcipiired, and (jou*ei(Ut>iitly lie- lews 

wilt lio the number of lockages made. 

On the other hand it inn he shown that with a depth of 6 fed of 
water oh tin* emit of the OlgunUs spillway tin* discharge of that weir 

g. iHUi feet long will In at tin- rate of TS,:!lSO t-uhie feet per second, 
if the Hood waters, of the <'liagiv* should How into Lake Ilohiountil llni 
head of water on the crest of the <ligunte weir rises lo 71 feel, the mtc 
of discharge over that weir would In- Uii.mihi cubic feet [Kir second, 
which, sa ai ready shown, exrei-ils at least hy a little tin- highest Hood 
rale on record. The operation of Ijfike Bohio ns attend controller or 
regulator is therefore exceedingly simple. The fined! waters of Mm 
Chagres would pour into the lake mid immediately kgin to How over 
the Oigmite weir, and eoDtimu- to do so ai an increasing into as the 

flood continues. The di-charge of this woir Is ..ted by the 

im reusiug Hood, and deer chm-s only after the passage of the crest of 
the flood wave. No ihsnl even iis gi*»L it- the greatest *u|jposnbie 
flood on record l-uq increase the i-ievatimi of ill*- lake more than '*2 lo 
IhjSi feet above sea level, and it will only bn ai Wig intervals of time 
wlien floods will raise that elevation more Mum at sout Hu feet above 
sea level. The control is automatic and unfailingly certain, It pre- 
vent- alasolutely any damage from the highest snpjtosable lluodLs of 
the I’liugres, and reserve* in Isike Bohio idl that is rcipiired for the 
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purposes of the canid and for wnaffige by evaporation through till' 
lowest I’liiiiftill sensor The floods of 13n- l 'Jutgrr?^ therefore* instead 
of constituting I hi- obstacle to count met itm imic] convenient mnhite- 
nanen of the canal heretofore supposed, arc deprived of all their 
prejudieal effects mid transformed into beneficial agen ts for the npftTft- 
tkin of thf waterway. 

file highest floods are of short dnration, uml it ran be stated ns n 
general law LluiL the higher the flood the shorter its dimd ion. The 
great floods whlclt it is necessary to nuisuikT in connection with the 
muintenitiLre and op-nitton of this emuil would hist but a coinpHtatii ely 
few hours only. The great flood flow of IIi'.muo cubic feet ]ier s fc nmd 
would increase the em-rent in tho narrowest part of the canal In-low 
Obispo to possibly 5 feet per second for a few hoars only, but that is 
the only mcoiiveuioriee which would result from such it flooddischarge. 
That vehieltv could !h* reduced liv additional excavation. 

■s* * r 

Ina-mueli as ihss system of control, devised and adopted hy the 
Isthmian t'aiml Commission* is completely effective in regulating the 
Uhagres floods. the reservoir proputfed to he constructed liy the new 
Panama filial Company at Alhujnrltu on the (1 Ingres about 11 miles 
above'Obispo, is act required, and the cost of its eonstruerion would 
be avoided. 11. could, however, as a project. Is-held in resti ve. If 
the Erutlic of the ramd should increase to such an extent llmt more 
water would lie needed for fee thug the summit level, the dam could 
lie built at .lltiajuclii so as to impound enough additional water to 
ni-criimnoLlEiti^ with Uml stored in Laho Rnhio* at least live times the 
10*DtMi t OOO annual traffic already considered. Ite existence; would at 
the same time act with substantial effect in controlling the Chug reft 
HoekIs and relieve the (tigante spillway of a corresponding amount of 
duty. 

The locks on llie Panama route an' designed to Juiye 4 * * n 
usable length of 74d feet anil a clear w idth of H4 feet. They would lie 
built chiefly of concrete masonry. while the gate* would lie of ste^l 
and of the miter type. 

The gnat dam at Bohio raises the water surfuce in the canal from 
wen level in the Atlantic maritime sect inn to an ordinary maximum of 
'ni feci above sea level- in other words, the nmxiimnu ordinary tetal 
lift would Ijc !)il feet. Thfe total lift is divided into two parts inf 4o 
feet each. Therein therefore u flight of two locks at ttuhio; indeed, 
l here arc two flight- side hy side, ns the twin arrangement is designed 
to In- used at all lock sites on Tw•!h routes. The typical dinit-n-ioiis 
and amingmuaate of thr-sc locks* with the requisite culverts and other 
feu t u res. * * J a re not mmn tlal ly d i Jferen1 f rom oth er g reat mod - 

ern shipratml lea ks. The excavation for the Bohio locks h made in 
i* rocky hill ngnin-t whirli the southwesterly end of tin 1 projvos^d 
Bohio ditiii rest*, and they are less than I X^K\ feet from it. 
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A ft- t leaving liuhio Lithe nt Obispo a flight of two I neks h found 
hi Miguel. about 7.t> miles from the fanner ur 214 miles from 

lb>1iiu. Theae locks have a total ordinary itaudnium lift of <» L ? fort, 
divide into two lift* of 3U feet cm-h. The fifth and last lin k on the 
TOUto is nr Minithuv*. The average elevation of water between Pedro 
Miguel fmd Mintflom is 30 feet alcove nmm sea level. birv*nmeU as 
the muge of tide Ixs tween high and low in Panama Buy i;- al unit _!o 
ft*i>t H the maximum lift at Mimflnrcs i* M* fwt and the m mi mum ulnut 
20* The twin lodes lit ftlimflore* bring the mind surface down to the 
Viiyifiv Ocean Level' the distance from those locks trp the th fathom 
i-nrvi' in PainiTtui Iky Whig 8,-VI miles. There mv therefore five locks 
an the Pimatim route* all arranged on the twin plan, and, a* on llie 
Nicaragua roil(*-, all are found'd on rock. 

Near tlliisjx?a pair of guard gate* an* arranged ">o tlml if h -bmdd 
In-come neri'swirv to draw off the water from tile summit ^iie tin- level 
of Lake Bohto would not lie affected*" 

An unprecedented wmcehtration of heavy rutting is found Mweeu 
Qbkpound Pedro Miguel. This is pniethully one cut. although the 
northwesterly end toward Obispo is called the Kmpiudnn while the 
deepest part at the other end, about 3 miles from Pedro Miguel, is the 

jrrrat Culebra cut, with u maxim.i depth on the t-v. .. line of the ninal 

of 2H (i fret. On page M of the Isthmian Canal Coniiuissioti^ ivjxni 
is the following reference to the run teri.nl in this cut; iS I ben? I* a little 
very hard rock nt the extern end of this section, ami the western 2 
miles are in ordinary materials* The remainder uobsistH of a hard 
indurated clay* with some softer material at the top and some stmto 
and dikes of hard rock* la fixing the price it ha* liecn rated as soft 
rock. Hut U must He given dope* equivalent tti those in earth. This 
Cut Iiils lieim estimated on the iiasis of a ImtUmi width of l->o feet, with 
side slops af 1 on 1," When the old Panama Canal Company began 
its excavation in tins eut coiwiderablc difficulty wa* experienced by 
the slipping of the material outside of the limits of the cut into the 
o tear at hm. and the marks of that action ran la* -eim plainly at the 
present time. This experience has given an impression that much of 
the material in tins cut b unstable, hut that impression Is erroneous* 
The day which slipped in the early days uf the work was not drained* 
and, like wet day in numerous places in this country, it slipped down 
into the excavation. This material is novy drained arid is perfectly 
stable. There is mi mason to ueit iel|mte any future difficulty if reason¬ 
able conditions of drainage arc maintained. The high fares of the ml 
will probably wither to some extent, all In High experience with such 
dav feocs on the isthmus indicates that the amount of suiih action will 
\m small. As a matter of fact* the uniter nil in which the Cnlcbra cut 
is made is stable, and will give no sensible difficulty in maintenance. 
Throughout the most of tin* distance between Colon and Ifehio on 
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the easterly side of the earial the Kmiuh {ilan an e\cu¬ 

rated ehaimel to receis« 11 portion of the wafcoi^ of tin-^ hagres mcII 
an the Ibnv of two smaller rivers the Imtunrilln and the Mindi—sons 
to conduct thorn into the Bay of Manzanillo* immediately to tho rust 
of Colon. That mi- cal led diversion channel was nearly ooeiiplotiih 
Under Iho |>1llii of the Until mission It Mould receive non- uf the Uhse 
gnwflow, hut it would In-iivtiMnlih 1 for intercepting thudnonage of lhe 
high ground easterly of tin.- canal line and (bellow of tin 1 two si Mid] 
riven# named. so that thr.M- Maters Woldd not lind their May into the 
chiihL There an* ft few other small works of similar chnruotrr in dif¬ 
ferent portions of the line, all of which were recognized ami provided 
for by the Commission. 

The total length of the Panama route from the C-fathum curve at 
Colon to the sainr outre in Panama Bay is 4iU"J& uiileK The general 
direction ■ .f ihc route in pacing from Colon to Panama is from north¬ 
west to soutfleast, the latter i*d»| being alwiut ± L 2 miles east of the 
Atlantic terminus. The depression throughw hi eh tin? line is laid is 
one of easy to]>ogniphy* except at the continental divide in the 
Culebru cut. Asa consequence, there Is littlu heavy work of exeuva- 
tiou^ as frtich matters go, except in that rut. A further consei|uenet" 
of suieh lo[KJgniph> Is a eompaiattvely eas^ alignment; thul is. one In 
which tho amount of curvature is not high. The smallest radius of 
curvature i* feet ul the entrance lu the inner liarlmr at the 

Colon end of the route, and where the width is Him feet. The radii of 
the remain mg curves range from 6/i+>4 feet to 111,690 feel. 

The following table gives all the elements of curvature nri the route 
and indicates that if is not excessive: 
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The prtncipul items of the total a mount of work in he performed in 
completing tlw Panama Cum!, under the plan of the ('unum-don. can 
be clarified a* shown in tin- following table: 


Dredging- —. 

Dry wrfh .. TTT . r , T , T 

£Mt m'k . . . 

11 sinl n.h'k. 

Hock muter w a I *a.„ „__ _ 

Ettitiankhii’iii anil lnn:fc Qllinir 


mliki yiuilff., GW, rHfl 

... 

_..ilo..,. :«», sna, 2& 

3,800,Ml) 

_I.Sii.GHT 

-l.S<rj,T53 


T'ltuJ 


_D7, 440,-lilt 




































THE FAX AHA BO DTE I-’OK A SHTf CANAL. 


555 


Cflncrtti--—...-- 

Umnite 

I run and ---**- 

Exmvnliun in iuftcnJmu 
l^ulUuBtif 1 v, i irk 
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TT *_j.kiuci>Eh« . ik\248 t 900 
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The lengths of tin* various sections of this route And tin* costs of 
completing the work upon them arc fully set fort]) In tin* following 
table, taken f rom the Commission's report, os wen 1 the two preceding; 
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Tin* item ill this table ('filled I’nmrna Railroad diversion affords pro- 
vision for the rcoonstruetion of the railroad necessitated by the forma¬ 
tion of Ijikv Hohio, That lake would submerge the present location 
of the railroad for 14 or 15 miles. 1 



As is well known, tile entire Central American isthmus is a volcanic 

region, and in the past a e( inside ruble .nlier of destructive volcanic 

eruptions have taken place nt a number of points. There is a lino of 
live videmines extending soiillii a-ti ily through Nicaragua and Costa 
Itii-a. Many earthquake shucks have occurred throughout Nicaragua. 
L'osta Rica, and the State of himumi. some of which have done more 
or less damage in large portions of those districts. * * * The 
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conclusions of the Commission us to this feature of the mutter are 
i*onct$ely stated ml the Following [junignipliH of Its wjuift! 

*- It h possible and even probable fbut the more necstttttelv fitting 

f jortions of the c&JUlL such sis the lock gates* may sit times he distorted 
iy cart lnj linker and some inconvenience may result r he re from. That 
contingency may be classed with the accidental collision of ships with 
the gates, and is to l*e provided for In the same wav, bv duplicate gates. 

” It is pissihle also that a fissure might opCu which would drum the 
miuiL and. if it remained open, might destroy it. This possibility 
should mu \h- erected by the fancy into a threatening danger. If a 
timorous imagination is to he the guide* no great work run l»e under- 
tLike]i anywhere. This risk may lie rlussed with that of a great eoii- 
fl agnation in a city, like that of Chicago in 1871, or Boston in 1*72. 

“ It is the opinion of the i Wnims-ston that such danger ils exists from 
earthquake# is ossuntlolly the tyune for Imfli the Nicaragua and Panama 
routes, and that in neither case is it siidu-iriit to prevent ihe eoiistrur- 
tion of ilie mnnl. w 

The Nicaragua roille erossi^ the line of live volestme.-. running from 
northwest to southeast through Centra! Aim-run, uud the miter of 
Onictepe in Lake Nicaragua!* about SI mi lea only from the line. Idle 
eruption* of iVlce and Soufricre show that snrh proximity of possible 
voie&Jik action may toe a source of great danger, although even the 
destruction toy them does not certainly indicate damage either to 
navigutioii of to canal sLnictures at the distance of 11 miles, What¬ 
ever volcanic danger rimy exist lies oil the Nicaragua mute, for (here 
is no volcano nearer than 17F> miles ro the Panama route. 

* * * There is a wide-spread, popular impression that the ( Jou- 

tnd American countries are necessarily intensely mdiealthfoL This 
is in error* in spite of the facts thut the con struct Eon of the Panama 
Railroad was attended with an appalling amount of sickness and loss 
of life, and that record* of many epidemics lit other times and in other 
pit ices exist in nearly alt of these countries. Then* an? the ln?st of 
good reasons to believe that with the enforcement of sanitary regula¬ 
tion^ which aie now well understood and completely available, the 
Central American countries would he m healthful as our Southern 
States, A proper recognition of hygienic conditions of life suitable 
to a tropical climate would work wonders in Central America in reduc¬ 
ing the death fate. At the present time the domestic administration 
of must of the cities and towns of Nicaragua tmd Panama* as well as 
the generality uf Central American cities* is characterized by the 
absence of practically every thing which make* for public health, and 
by the presence of nearly every ageacy working for the diseases which 
flourish in tropical climates. When the flatted States Government 
reaches the point of actual construction of an isthmian eumil the Hani¬ 
tary features of that work should l.n> administered and enforced in 
every detail with ihe rigor of the mosL exacting military discipline. 
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tender Mich conditions* epidemics could cither bo avoided or reduced 
to manageable dimensions, but not otherwise* * * * 

The time required for passing through a transisthiniaii canal Ls 
affected h y the length, by the mimtar of lock*. hy the number of 
curves* mid hy the sharpness of curvature. The speed of a ship. and 
consequently the time of passage* is ub;o affected by the depth of 
wider under its kecL It h well known that the same power applied 
to a ship in deep we ter of unlimited width will produce a much higher 
mte uf movement than the same power applied to the game ah ip in a 
restricted waterway, especially when the draft of the ship is hut little 
less than the depth of water- These eondderations Imvc important 
bearings both upim the dimensions of a ship ennat and upon the time 
required to pass through it. They were most carefully oomsidcred by 
the ( omintsMoii. us were iilso such other matters as the delay incurred 
in passing through the locks on each line, the letter including the do I ay 
of slowing or approaching the lock and of inc read tig speed after pois¬ 
ing it, the lime of opening and closing the gates, and the time of 
emptying and tilling the locks. It \> o!#& evident that ship* of various 
size’s w ill require different times for their passage. After giving due 
weight to all these cun si delations it was found that what nmy be called 
an average ship would require twelve hours for passing through the 
Panama .Canid- * * * 

The prospective i adust rial luid conmieichl value of the canal also 
occupied the at lent ion of the Corn miss ion lel a hrmid iiudeim ful study 
of the elements which enter that part of the problem* It is difficult if 
nut hu[>o&Mliti‘ to predu-t jtist what the ctlcd *rf :l transit tinman canid 
would ho either tqHiri the ocean commerce nf the [ idted Stati c or of 
other part* of the world, hut it seems reasonable tosnpjKise from the 
result of the C<wnniisajoti"> LMimiiuitiolis: that had the canal 1 *h?u in 
existi"■ net* iri istHi at least 5 t QOU)0i)Otons of the actual traffic of that 
year would have twen accommodated hy it The opening of such a 
waterway, like the opening of all other traffic routes, induces the 
creation of now traffic loan exteat that can not be estimated* but it 
would appear to lie reasonable to suppose that within ten years from 
the date uf Its opening the vessel tonnage Using it would not be leafs 
than tojNHUHH* tons. * * * 

The effect of this ship waterway upon the well-being of the L 1 nited 
States h nut altogether of a commercial elm meter. As indicated hy 
the Commission, this additional liond between the two portions of the 
country will liavc a beneficial effect upon the unity of the political 
in terete as well m upon the commercial welfare of the country. 
Indeed it is the judgment of many well-informed people that the com¬ 
mercial advantages resulting from a closer touch between the Atlantic 
and Pacific const* of (in- country are of less consequence than the 
unifying of political interest- 



I NK PROBLEMS OF HEllEDITY AND TITEIH SOLl’TION.' 1 
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By W. Bateson. \L A.. F, H. S/ 


All exact dHormiimtimi of tbft laws of heredity will probably work 
mure change in main’s outlook on the work I and in his power over 
nature than any other ndviune in i nit uni I knowledge that ran In* 
clearly lores'll. 

There is no doubt whatever ihnt these laws can he determined. in 
loiujrari.^m with the labor that has been needed for other great dt&eav* 

erie^wt.ly eren expert that the mtcessary effort will be small. It is 

rather remarkable that while in oilier brunches of jihpdoiog} smdi great 
progiTss Ubm of late been made, our loiowledgo of the phenomena of 
heredity 1ms increased hut little; though tlmt these phenomena consti¬ 
tute tiie basis of nil evolutionary science mu l the very cent ml problem 
of natural history h admitted by all is this due to the special 

difficulty of aurh inquiries so much as ;o general neglect of the subject 

It ]> in the hope of indn-dng others to follow these lines of mvesti- 
gatloTi that I take the problems of heredity us the subject of thl£ lec¬ 
ture to the JEtnid llorlienltund Soriuty. 

Nn one hm belter opportunity of pursiiiug such work <1 mu Imrti- 
eitlMinM> and stork breeders. They are daily witnesses of the pbe- 
imiutmu of heredity* Their Saccess also depends largely cm a 
knowledge of its law s, and obviously every increase hi that knowledge 
is of direct and sjjerbil importance to them. 

The want of systematic study of heredity Is due chiefly to misappre¬ 
hension, li is opposed that such work required a lifetime. But 
though for adequate study of the complex phenomena of inheritance 
long periods of time must Ise necessary, yet in our present state of 

^ Reprinted by permirtdon of the author and the laihUdar from MemlelV Prin- 
t-ipti* of IU?mli$y P a Defers by IV. BatefPti, M. A. p F. It. S. r a It La inu^luEiuii of 
JJt'tiilclV ori^iartl papers dl hybrid i*uti'>it P Cambridge [Knizhunl]: At iho Unjvctv 
nity Pnom* IW- 

BThe first lialtof fhiipofieriit rquittMi with ad I it Lin* and mudilotinnii from (he 
ifKimll r)( th# Boynl llortidltniHl likicktVt ll40« Vnl. parti* l nod 2- Writ¬ 

ten alueet immediately after the miisoivcry of MoiuloL it will W* bwmi to be 
ninety in some oat of date, bat it may thus serve to show the relation of 

the new i-encoptiouH to the old { Author** footnote to title on pppr- 1 o i the 
volume. I 
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deep ignominy alncM pf the onlliiir iif the facts* iih-mal iom euro 
fully planned and faithfully lurried out for even n few v* -yy timy pro¬ 
duce results of great value. In fm (. by fur the most appiwbihje and 
definite additions to our knowledge of the-* 1 mu tiers have been thus 
obtained. 

There is besides some misappivheusbni its t<.' tlu- kind of liFlo^ Icit^i- 
which is especially wanted nt this time, and ust^ the modes by which 
iluty expect tu obtain it- The present paper U wrillcn in rls^ Imp'- 
that it tuny in .some decree help to clear tile ground of these dlslieid- 
tirs 1 >y si preliminary consideration of the question. How fur have we 
got towiird ini exact knowledge of heredity, and how cun we gel 
farther i 

New. this i- preeminently h subject ici which we must distinguish 
what we mu do from what we want to do. We want to know the 
whole truth of the mutter; we vrnnl to know the physical the 

Inward and essential nature. ""She innse*/' us they are sometimes 
culled, of heredity; Imt we want also to know a h«- laws which the "in¬ 
ward and visible phenomena obey* 

Lei nn ireogmbe from the outafct that os to the essential nature of 
these phenomena we stll! know absolutely nothing. Vk »■ have no 
glimmering of an idea a> to what constitutes the essential process by 
which tin- likeiw-> of I hi- \mtviit is transmitted to the offspring, We 
ran stud) the pi’ocessi ^ uf ferti Illation and deveh .| iiin«-m in the llncst 
detail which the mlrioiienpe manifests to u^, and we may fairly -ay 
that we have now u eoiidklpmbla grwp of the visible phenomena; but 
of the nature <if the physical basis of heredity we have no conception 
ill till. No one has vet any suggestion, working hypothesis* or mental 
picture that has thus far helped in the slightest degree io |wtititriiU- 
Iwyond hat we sec, The process a> utterly mysterious Lo nans a 
tin -1 1 of lightning I - fa :i savage, Wc do not know what it) l U-- essem 
tin I agent in die t mi emission of parental rluinieters 1 not even whether 
it is a material agent or not Not only is our ignorance complete, but 
no one bus tin 1 re ill n test idea how to set to work on I hut |Mirl of the 
problem. We arc in the state in which the students of physical science 
were in the period when it was open to anyone to believe that heat 
was u material substance or not, ns he chose. 

But apart from any conception of the essential modes af transmis- 
shui of characters, we can study the outward facts of the tsansmL^ion. 
Here, if our knowledge* h still very vague, we are at least beginning 
to see how we ought to go to work. Formerly* naturalist* were con¬ 
tent with i lie collection of numbers of isolated instances of transmis¬ 
sion— more especially, sinking and peculiar cases—the sudden appear¬ 
ance of highly prepotont forms, and the like. We are now passing 
out of that stage, it i^ not that the interest of particular eases has in 
any wa% diinmi&hed—for such records will always have their value— 1 
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lint it bus liecotnr likely that gene nil expressions will Is; found cufMible 
df Hfillirifiitly vidp application to be jiisl.lv railed lativ.- of heredity. 
Thai l hi.' is m» was till recently ilut' nl 1 1 KM entirely to I ho work of 
Mr. F. Gallon. to whom we are indebted for the lirst systematic 
attempt to cmmisUte such it law. 

All laws of heredity *> fur propounded are of d statistical character 
mid have I icen obtained by niiitiidii-nt methods. If wp cunrdder for n 
moment whut la actually menut hy a “law of heredity f * WB slmll «oe 
til oner wliv these investigations must follow statistical methods, For 
n** law "of heredity ht simply an attempt to declare the course nf 
heredity under given conditions. But If wcat temp I to predicate the 
L-ournc uf hemlily wr have to dnul with condition* and group*of causes 

wholly unknown to us. whose pre*e. we ran not recognize, mid 

whose magnitude we tan not estimate in any particular vase. The 
course of heredity in pm tjenlar rimes therefore an not he foreseen. 

Of the iiumv fartora which determine the decree to which u given 
character shall Ik' present inn given individual only one is usually 
known to us. namelyt the degree to which that diameter iti present in 
the [mreuts. li is common knowledge that then' i- mil thut close cur- 
respoiid&ncc la-tween pi rent uml offspring which would result wore 

this factor the only ..pending; hut that, on the contrary, the 

resemblance Ijchnt'ii tlie two is only nn tinrertuiii one. 

In dealing with phenomena of this eliis- the study of single instances 
reveals no regularity. El is only by eo! lection uf facts in great iiiiin- 
Ikts. ami by stalistlteul treatment of llie mtiss, Uisil any order or l«w 
nui lie paredved. In the cssi; of n - hemit-nl renctiOti. for instance. by 
suitable im- hi is the conditions can In* accurately reproduced, so that in 
Cierv individual ease w< enn predict with certainty' thut the same 
result will oeeur. But with heredity it is somewhat ns ii is ill the eiiso 
of the rainfall- No mu- run -ay how much min will fall to morrow ill 
n given pints.-, but we tun predict with moderate uccoraOj how much 
will full neatl year, and for u period of years a prediction can la- inode 
which accords very closely with the truth. 

Similar prediction* ran from statist ini I data lie made os In the (him 
tion uf life and a grail variety of events, the conditioning muses of 
which ore very imperfectly understood, ft is predictions "f this kind 
tluit the study uf heredity Is beginning to make possible, mid in that 
st-nsi- laws tif heredity can lie perceived. 

We are ns far us ever from knowing wby -ome diameters are traits- 
mi tied. while others are not; nor ran anyone yet foretell which indi¬ 
vidual parent will transmit characters to the offspring and which will 
nut; nevertheless (he progress made is di-linct. 

As vet Investigations of this kind have been made in only a few 
instances, the most notable being those of Galton on human stature 
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itH -m ihr tmnsiuksion of colors in Rti^r-et |iomid- + In ejwh <■; these 
cases he 3 lav-- show ri ihat the expectation of inln-rinuirr is such that a 
simple sirlt 1 jnn-t ii.-:i I rule is uppmxlfmtcly followed. The rule thus 
arrived itt is tli:it of i in whole heritage of the offspring the two parents 
together* on an average, contribute one-half* the four grand parents 
one-fourth. the eight great grand [nirculs one-night h* m id so oil, tin- 
ivniuhidcr being < k ontrihtitcd by the mnoter imeestors, 

Sin-li a hiiv is obvioiL-di of pnartirul im[>nrlaiictt* In liny ntsr to 
windi ie applik-- \\r ought thus to In- able ti!■ predict ibi- degree wilb 
which the purity of a strain may 1m increased by selection in each 
successiv<* gimerati iih. 

To take a. pU’Imps iiiijh^ihlv crude example, if a seedling show tiny 
partrcuki' idmrarlcr which it i> desired hi lix* nil the ussmEiprimi that 
successive self-fertilization* tiro jiossibhv according to < hi I ton - law 
tin 1 ex]it n' tatiort of purity should hr in tin* Jirnt gencrntiiui of .wlf- 
feHilization i in 1 In eIh- second gnneliitton :> in 4, i ip llw third 7 tn s, 
and so on. 

Hut a I rein ty many ruse* an; known to which the rule in any simple 
form will not apply, (iulton |minis out that it Lukes no uvruuiit of 
individual prepotencies. Then' ate* Insides. uuuicruits in which 

on crossing two varieties tin* ehnnudrr of mu? variety ulmo-t always 
appears in e»> h tie ihImt of tin- first rro^bivd griienithm. Kxumplcs 
of thi'M’ will Ih- rartulinr (h< tho j e wlm have experience in sue fa matters. 
Hie offspring 'd the ladled Angus cow and the Shorthorn huff h 
almost invariably polled or with von annull loose ^srurs.' 1 Seedlings 
raised hy crossing Atr&/»i irthufuttatt with the yellow-fruited variety 
have wit 11 oi it exception 11n ’ I duck Uh-purple fruits of the type. In 
soy mil hairy species, when a cross with a glabrous variety k made, 
tin* iirsI iTosshml generation is altogether hairy/ 

Still more numermiu are example'* in wliirh the character* of one 
variety very largely, though not exclusively, pmloiimrntr in the 
offspring. 

These large classes of exception- to go no further indicate that, 
us we might in any riw* expect, the principle is not of universal apple 
Cfttioa, and will need variola muJiNaitioti* if h \- to In- extended to 
more roiiiplex ruses of iidienhiin-e of varjeUil idiamrler^. No more 
IM-Fttl work ran In imagiiu l than n -t^mtitir-determination n( I he 
prei isi 1 "law- of heiTifftv in tiumlxusof paitieuhir cafres. 

I’nltl lal el\ l he Work whiidi t ddlon ai‘eohlplishcd sI ond iilnu^st iilmic 
in I his tie l«h bur quite recently remarkable additions to uxir knowledge 
of ibese question* litive Imhui made. In the year lfm\ Professor de Vries 

' Hv ' 1 3 i»l«-i. i xLthiin L r :ivr si s -1 ik111 1 1- ihii^numnall-' nqjn^nlAtkiti ki^ law in 
NnitiTFp \hy\ VeL IATL \t, 

fc Thmi w*. 1 n-i‘i i] iar +■ n- p-\iuiqilt“* iit ^tet'iilidiail l NleaiiifMiniS L ." F 
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published rt brief account* of experiments which he Ws for several 
ycai* Imt-ti currying on* giving result,- of the highest value. 

The description is very abort, and there an* several jNiinls ri- to which 
mniv precise information i> necessary. !m>i li us to details of procedure 
nnrl tis to statement of result*. Nevertheless-. it i-. to doubt 

that the work a-a whole constitution marked step forward, mid the full 
publication which is promised will U- Awaited with great interest. 

The work relates to the course of heredity m eases where definite 
Varieties differing from eso-h other in some one dejinitc ehuritcternre 
crossed 11part■ e her. The ruses are all examples of discoidunions vuriio 
lion thn! i> to say* eases ii which lietunl intermediate- Itetweeii the 
parent forma nrc not usually produced on crossing/' It i- shown that 
the subsequent ]nisti rtlv obtained by -.If-firiilk'iifcg tln^e crossbreds 
or hyfinds* or by breeding them with each other, break up itilo the 
original parent forms in-cording to fixed numerical rule. 

Pfnf essor lie Vries logins by reference ton. i -ti in rku. > ■ o memoir by 
< i ivgor Mendel/ giving the rr.-uh* of Ids experiments in crossing 
varieties of Pi*nfm tutfivavi* These ex ]ieri merits of Mendel's were car¬ 
ried out on n lingo scale, ld> neenutit of the iil is excellent and complete* 
ami the principle- which hi? was able to deduce from them will cer¬ 
tainly play a curopK-tious part in all future dlsnissionsof evolutionary 
problems. Is is moE n little remarkable that Mender* work should 
have escaped not see mid hern so long forgotten, 

For the purjH^es of his e\Mendel selected woven pair* of 
ehnmeters^ an follows: 

1. Shape of ri[H- seed, w bet her round or angular ami wrinkled. 

± Color of "vndo&pemi** (eotv h-donsn whether sumo shade of yell tiw 
or a more or less Intense green. 

M + Color of the >eed skin, whether various shades of gray and gray - 
brown or whites 

C Slia|n ! -of ^eed pod* whether shnpU inhaled or deeply i ■unaudited 
lutweeil the seerU. 

e. Color of nnrijH- pud, whether u shade of green or bright yellow. 

h. Nature of infloivseentas whether the flowers sire arranged along 
the axis of the plant or nre terminal mid form a kind of umbel. 

T. Length of astern. whether uIhoui ii or 7 feet lung or about tluve- 
fourths to 14 feet. 

Large numl*crs l if cru-^-e^ were made between pcu*e d titering in 
rr^|M fc rt of one of each -d the-e pairs of clumirtcra. It was found thus 
in eneb ease lie- offspring of the cri-s « xliilihcd tin character of one of 
the jaireiits in almost imdimimsbed intensity and inte rifted b(es which 

■t Ojihji-Cj- ftundn 1 -. Mnrvh Lli, imw, tv ml | 5 ui\ <b IVatH'b. I^‘l- Ce-s., XV 111, UPDO*, 
]s. Pvi. 

^Tlitfl OMicejitlen fif ilis^iutiDoily C. ef ]insMt!ihIvlina. 

■ L1 \'i-i>in he iil». J'lEtn 1 zuukyri 1 ri 1 lei i H1 in the Vi-rli. U. XuiiLtf. Vrr, Urnnn. W . isftj. 
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wulfl OOt hr ut oner referred to one or other of t ht- [j&nnibd fMills were 
not found. 

In the ease of each pair of character* there i" thus nne which in the 
first cross prevails to the exclusion of ihe other. This prevailing 
character Mendel calls the dominant character, the other Iwing the 
recess! vc c Liumr Eei\ 1 

That the existence of such ^dominant 1 and " reoeKsive " dm meters 
is a frequent phenomenon in civ^bri'edmg, is well known to nit who 
have n( (ended to these suhjrrK 

By letting the erossbreds fertilize themselves Mendel nexi raised 
another generation. In lid" generation were individuals which showed 
the dominant character, hut also individuals which presented the 
recessive character. Such a f:ut also was known in a good many 
Instances. Hut Mendel discovered Hill! in this general ion the 11inner- 
icnl proportion of domimmis to m-essiyes in on an average of eases 
approximately curisumi. being in fact a^ three to urn*. With very 
considerable regularity the.'c n umbels were ap[ in niched In the ruse id 
each of hb pairs of characters, 

Hare tire thus in the first generation nosed from the crossbreds 75 
per cent dominants and USD |*t vent reecsstves. 

These plants we tv again self fort Mixed, and the olLpiing each 
plant separately "Own, It next appeared that the offspring of the 
receayives remained pure recessive 1 , and in subsequent genemtions 
never produc'd lh« L dominant again. 

But when the ’-reds. ohtuiuod by self-fertilising the dominants were 
examined and sown it was found that the dominants wen- not all alike, 
hut consisted of two claves. (1) those which gave rise to pun- dumis 
minis. and (2) others which gave a mixed offspring, composed [tartly 
of rcceaBIYes, ^nirtly of dominants. Here also it was found that the 
average numerical prop!nitons were constant, those with pure domi¬ 
nant offspring being (<> (host- with mixed offspring sis one !<> two. 
Hence li is seen that the 7f> per cent dominants arc not really of ^imi- 
Ur constitution r hut consist of twenty-five which are pure dominants 
and fifty which arc really crossbreds, though, like the crossbreds raised 
by eroding the two original varieties, (hey only exhibit the dominant 
character. 

To resume* then, It wns found I hat by sidbfertilkdng the original 
crossbreds the same proportion was always approach id. namely, 2n 
dmill mints* 30 crossbreds. ifo receives, or 1 1 ? : **/*/? : l/A 

Like the pure reeesdvcs, the pure dominants are thenceforth pure, 
and only give vise to dominants in alt succeeding generations studied. 

On the contrary the fifty crossbreds, as stated above, have mixed 
offspring. But these offspring* again, in their i miner seal proportions. 


Unit by lhi-w novel tarn* tlitr n>in|i!ii.-t£inmi! invotv^i bj h-h- the uxjires- 
^irin (+ prepijteiit" juis avoiiiisL 
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follow the name law, namely, tSun there are three dominants to one 
recessive. The ns^slvi - are pure like those n| thi- lioi gem-mtimu ■ 
hut the dominants sun. by fnr^KT iui<l ^xiuniimlioh or 

cultivation of tlit 1 seeds prodmed, l*e Lignin shown to be made up of 
pure dominants and erowdimb in the same proportion of one dominant 
to two crossbreds. 

Tin- process of breaking tip into I In*- parent forms is thus font nines I 
In sfe&oli successive generation* the some numerical Inw bung followed 
«o far un lias yet been i»l served. 

Mendel made fnrtlier esjjeriniimlrt wijli /V...... eroding 

pairs of vftrietk^ wliiHi differed from inch other in two characters 
and the results, though necfeMrilv much more iroiuplc*, showed tbit 
Hie law exhibited in the simpler coa© of pairs <1 iflf«$rinjf in resju-ct of 
one character operated boro also. 

In the of the union of varieties . I // and <th differing in two dis¬ 
tinct pairs of ebinietern. .1 and *r h It and A, of whieli .1 and /turn 
dominant, ,7 and h rwOwdYt 1 , Mendel found that in the first crossbred 
generation there was only one ^tai-—= of offspring, mdly Au/tk 

Hut hv reason of the dominance of one character of midi pair these 
first itosms were hardly, if at all. diatlngriLdialdc from Alt. 

Hv letting these JaZMfc fertilise tlieiiiHdves only four classes of 
offspring seemed to lie produced, namely. 

All showing lKith dominant characters. 

Ah showing dominant J iind recessive A. 
ftJi showing recessive *t and dominant IL 
iiJi showing both recessive characters *t it ltd k 

The numerical proportions In which the^- rlns>e> appears! wv» also 
regular and approached the ratio 

KAB :3 .1* :&vj : 1 ok 


Lint on i iiltivutlng tlhse plants and allow milt them hi fort flute them 
selves it was found that the meniWs of tile 


Hath is 

I 



ah eia» produce only *iA*h* 

if ft class may produce either nil .'/>% 

^ or lwJth icf/Ts and e//s. 

Ah class may produce either all JAV, 
or 1 m>1|i Aka and a AV. 


11 


L ,1 1* class may produce cither all .1 /£*s„ 
j» f/r both J ATs anil . tA’s* 

*2 w* ImpIIi _ I If< and 

+ Mr all four possible classes again* hsliih-I v , A /*—. . I^'s, 

4 ^/f's, Olid (th'" m 


and the ov erage number of member* of each chis^.wjH approach the 


ratio I ; 3 i 3 : (1 as indicated »iiovi?. 
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Tim details of these experiment* and of others like them made with 
three pair* of differ* lit rating character* are nil >et out in Mendel's 
memoir. 

Profewar de V l ies hus worked nt the smite problem iti some dozen 
spedes belonging to several geneni, using pairs of varieties charac¬ 
terized by a gmit mimlwr of character*: for instance* color of flowers, 
stems, or fruit*, hairiiie**, length of style, and so forth. He state* 
that in nil these tases MetwleF* principle* lire follow^h 

The numbers with which Mendel worked. i hough large, were not 
huge enough to give miltv smooth results; " but with it few ml her 
marked exceptions the observation* are remarkably consistent, imd 
the approximation to the number* demanded hy the law is greatest in 
those cases where the largest numbers were used. When we consider, 
Iteshhs, Htat Tsc henna k and Torrens announce delimit* roi di mint ion 
in the ease of mul de Vries adds the evidence of his long series 

of observations on other spficit-sand orders* there can he no doubt Hint 
Mendel's law is a substantial reality: though whether some of the 
rases that depart most widely from it can lie brought wiLliin the terms of 
the same principle or not, ran only be decided by further experimeats. 

One may naturally a*k. How can these results be brought into liar 
mom with the facts of hybridization hitherto known; and if all this is 
true, how is it that others who have carefully studied tin 1 phenomena 
of hybridization have uut long ago perceived this law? The answer 
to this spiesthm is given hy Mendel lit Nome length, and il is, 1 think, 
satisfactory. He admit' from I hr liarst that there arc undoubtedly 
cases of hybrids mid cross-hied* which maintain themselves purr and 
do not break up. Such examples are plainly outside the scope of hi* 
law. Next lie points out, what to anyone who ha* rightly eompre- 
bended the nature of disrnutiunity in variation is well known, that the 
variation* in each character must be separately regarded. In most 
experiment* in crossing, form* are Taken which differ from i nch other 
inn multitude of characters some continuous, other* discontinuous, 
*ome capable of hlending with their contraries. while other* me not. 
The observer on attempting to perceive any regularity i* confused by 
the complication* thus introduced* Menrb iV law. as he fairly says, 
could only appear in such tu.se* by the use of overwhelming n tun hers* 
which are layout! the possibilities of practical experiment. Lastly, no 
previous nltftfiver hud applied ft. strict statist tend method. 

Iteth tili se nu*worB -hould be acceptable lo those who have studied 
the fact* of v ariation mid liuve appreciated the nature of specie* in the 
light of those facts* That different specie* should follow different 

n ProfosHjr Weldon (l* 232) litki^ g'rtt&t exception to 4 b ih statement, which he 
crniwilerately nttrthutctH t<» “wem- urilcra” After exuiiiimiiK Hid oini-tiwins be 
\iy n^hfuti-nl stiuly et IMiuidelV I am dlupoaLst to Lhink my HUile- 

incut nut Vtirt far o^il 





TUK PKOUUOIS of HEREDITY AND THJilH snU’TloN. fjfu 

Inn's and that tin- same law should not np]il> to nil cliaruetcr- alike is 
exactly what we have every rijjHt to exjNKct It will nlsu l«i re mem* 
hcrcd ihnl the principle is only explicitly declared t<> Apply to discon¬ 
tinuous characters. 1 As stated also, it «m only to? true where 
m-ippocot crossing* lend to the stun* result. Moreover, it cun only he 
tested when there is no aengihlf diminution in fertility on crossing. 

I’jHin the appearance of de Vries's piper announcing the ‘‘redtH- 
eoverv’* and eimfinnntioti of Mendel’s law and ils extension to a great 
manlier of eases, two other observers mine forward almost simultane¬ 
ously and independently dc.seribed series of experiment* fully confirm¬ 
ing Menders work, t if these paper, the tisvl \> tliiil of t Wrens. who 
repeated Mendel's original experiment with pram- having weds of dif¬ 
ferent colors. The second Is n lptlg and very valuable memoir of 
Tsehermak, widen givi'* an account of elaborate re*eutThe~ into the 
result* of crossing n imnilior of varieties of Pi*nu> ta/irnut. ’Hime 
(‘XperimeutH were in many cn.'i'.s inimcd out on ti large scale, mid prove 
the main fuel enunciated hy Mendel Iwytnid any possibility of con¬ 
tradiction. The more exhaustive of these researches are those of 
F pscheI'miiit on |k*iih and oirfriis on several varieties of uidiziv Itoili 
these v lid ionite investigation- have abundantly proved tin general 
applicability of Mendel’s law to the clnmuter of the plants studied, 
though iKitii indicate soinc few except ions. The do mils of de Vries’s 
exi*>riments are promised in the second volume of hb mwt valuable 
Mntiitlonttlwir* i Wrens in regard to maize and Tsehermnk in the 
riLsi> of P i Mtfirnm have obtained further proof that Mendel* law 

holds as well in the ease of varieties differing ..each other in two 

pairs of charm-1 cm. one of each pur being dominant, though of course 
ii umn vo in plicated expression i* needed in such rases." 

That we lire in the preserice of n new principle of the highest impur 
Umee is manifest. To what further conelnsimis it tuny had us can not 
vet be foretold. Hut Iwth Mendel and the authors who have followed 

Itiui lay strejw on ot.elusion, which will at once suggest itself to 

luiyutu- wlm reflects on I he fuels. For it will he seen that the results 
mv such as we might expect if it In 1 imagined that the cross-bred plant 
produced | h, li'‘ti grains and egg colls, each of which I wan's only one of 
the alternative varietal character*! and not both. It this were so, tmd 
if on an average the same imuilier of pollen grains and egg cells trans¬ 
mit each of the two . hami ters, ii U dear that on a random assortment 
of j H .lli'iL grains and egg cells Menders law would lie o!*cved. lor -.> 
percent of “duiuUntiit’’polhm grains would unite with per cent 

Kiri'** lrtl* h r«. 

^ThclipniuiVn ^ husMi* itim-tud In a n^xmHtmtniiu *4 tm 

ti,,|, df ihe alreisw of ln-ncilrial resnli- on i-nw-forliliiing a subject 

nlnadr much laVa*ii»te*l by Jhinriu, anil upon Ibis mutter slw important fnrtlier 
pvkfctHfr bi givni In gfuai detail. 
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d«Iimiiiit *' egg cells; m 2b ^h-i* von t " H'n ^ivi>' T pollen grams would 
Similarly unite with 2o |wL-r rtsnt “recessive* 1 egg cell*; while the 
remaining f«u per cent of each kind would unite together. It in this 
consideration which lend* both Mendul and those who have followsl 
him to assart that these fact* of crossing prove that eaub egg cell mid 
each pollen grain is pure in respect of each clutimter to which the law 
applies. It ta highly desirable that varieties differing in tile form of 
their pollen should be made the subject of these experiments, for it is 
quite possible that in such a csise strong eon lir illation uf this tbahintiou 
might lie nlifuinod- | Preliminary trials made with reference to Uiis 
point have so far given negative results. IhiiietiiUwhig that a pollen 
grain is not a germ cell, hut only a fearer of a germ eeH T the hope of 
seeing pollen grains different in foe I according l<> the diameters they 
bear is probably remote* Better hopes may perhaps be entertained 
in regard to sperumtozoa, or possibly female veils, j 

As an objection to I hr deduction of purity of genu relK however* 
it is to hr noted that though true intermediate* did nnl gem--nilly oveiir, 
yet the in tenuity in which the cl lii meter- appeared did vary in degree, 
and it is net easy to see how the hypothesis of perfect purity in the 
reproductive cells can he supported in snob eases* Be this, however* 
as it may, there is no doubt we are begimung to got new lights of a 
most valuable kind on the nature of heredity and the laws which it 
obeys. It is fe hi- hopxl that ihesv indication* will lie nl onre followed 
up by independent workers. Enough has been said to show how 
necessary it is l-luit the subjects of experiment should lie chosen inxutdi 
a way as to bring the laws of heredity to a real test* For this pur¬ 
pose the lirst essential Is that the differentiating (+ hameters should he 
few* and that all avoidable mmplirntion* should lie got rid of. Each 
experiment should lie reduced to its simplest jjossibti limit*. The 
results nhEatncd hy (hd fun, and also the new one* rapt-ciidly described 
in this paper, have each laecn reaiduHl hy restricting t Im- range of 
observation to one diameter or group of diameters, and ii is certain 
shat hy similar treatment <mr knowledge of heredity may he rapidly 
extended. 

To tbe above popular presentation of the essential facts, made for 
an audience not strictly scientific, some addition, however brief* h 
called for. l ; srst T in regard to the law nf ancestry, apoken of on a 
preceding page. Throe who are m^uaiiHed with lVnrMur- Unmiuiar 
of Science, second edition* published early in liMm. the ^iiinr author's 
paper in Fmoeidiiigs Hoyal Society, volume W>, W«i* ]huge Mo, or (he 
extensive memoir (published October. ISHMJ), ou the inhcritanro of 
roat color in home* and eye color in man (Phil* Trims,. 1113* A. I- +| N i* 
p. 7*.*), will not need to 1w told that the few word* 1 have given idove 
lonsfcUute a most imperfect diagram of the operations <hf that law as 
now develop'd, Tut if the upLw&Eftncr of these treatises it w as, I 
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iM^lbve. pwnilh conKidi-rt'd that the taw of (rarest ml heredity was 
t. . l h- taken u* applying Em phenomena like llios*" (coat i*dor, eye color* 
etc.) where I In- inhmtaiu'c is generally alternative, as w «■ ] t a* to the 
phenomena **( blended inheritance. 

PeuittOJt, in tin- writings* referred to, taudi* withdrawing other 
laroe cwtr-gnrww of phenomena from tin 1 sc*ip€" of it-. operations, points 
out that the law of ancestral hemUty dnon not satisfactorily express 
thi> nisoH of alternative inheritanvr* Ho urges, anil with reason, that 
these eI ush■> of phenomena shpnhl Ijo separately dealt with. 

The whole feme ci^ regard* (lie various jK^ibilitics of heredity now 
reengnizrd win hi? mash" dearer by a very brief exposition of the 
si 1 v eml ih nu ■« ■ [ it ii in - hm d v cd.. 

If mi in'jrABisiii prodnoing ■mrnj*trtb‘ of n given constitution, 
uniform in rcupot'l <*f tin* i i liuoM , tt , n+ they hour, litwds witii u wither 
orjjNnifin" Iwnrinj* pttH'iwly ^imilur {fpriH-cflls, thti >lfnj mnj rwulting 
will, if Cin- condition* nro identical, 1 mi uniform. 

In practice stti'li n phenomenon is iwnti in pun* breeding?. It inw 
linn wc know no cim; in nntitrc when* sill the gorm-coll* thus 
tdi’uLtvul. citn:] whom on vnriatfon trtke* plticn Iwvond wlmt wr run 
attribute to conditions, but wo know ninny ruse* whorr such 11 result 
if ic|>|iroiii-liril. ;inil very ninny when* till the ossontiul features which 
wo regard :«> const ilnitoff the chnfucUtrs of the brood arc reproduced 
with »pproxinuito (ortninty in every inomhnrof tin* pure-bred raw, 
which thu* closely appn>ttcli to uniformity. 

Hut if two *roriiHseilsof dissimilar •‘nnstitutiHJii unite in forti libation, 
wlmt offering- urr wo to rxjm-i t: First lot u» premise dint the 
answer to this ({tuition is known oxjM-riiiioiitsilly to differ for runny 
organisms nod for runny irlussee of din rue tors, mid may utmost titr- 
tAtiil.% In- in part determined by oxtirmil ei mini stance*. Hot omitting 
the lift ipnilitii-nlion, certain principles afo tunr eliurly detected, 
though wind principle veil! apply in any given wise tun only be 
determined by direct experiment nude with that «me. 

This is the |iheurHliemm of rnnss breeding* As generally listed^ this 
term incurs* tUu union nf nieuiWr* of dk-dmilar varieties, i*r species; 
r i m-iaLfli vvhea dls^i nil tar gain r* tvs' 1 produced by two individuals of tin* 
same vnrictv imitr in fertilixatioii, we I save rssentklk > toss Ur«cdUig 
in r^pei'l of I lie ehitraetor or characters hi whirh those gamete 
differ. W*» will siipposi 1 , >iefi.nv^ that thesv ivvu gimuden hairing 

u p, R f ithnplkiHl v ihe *&m ciE ^IW^rtilSwilltm U trwm thk coceidtJiuUoii. 

fe In tt |i Hu? dfrcEiAredi Itis «#inneil tlmt ilk- iracnetof nn* Maiildr vstesv^t in 

rt^ol luthu^hvritiy^^lh^ l»nr. and that inMrnjkml vnrbticn w tukb^r plmv. 
Thv nf in Wit wIkiISj <«*it uf wroanl \ .w latiir). 

h Ttio a nii W now mrd w tlir ftH|uIwk>nt of hl ^vniMv|l/ p 

wklbiT niiilr or U fii»Ii% ii Ik I I ha U k nii w hem sih«I lor tsmvil>’ tu dfnute 

( hi 1 uijpuil^iH n^tillLn^ In mi fiftfLixatitin. 
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prop a rties unlike in reaper t of u giveil elia meter Lire borm" 1 H 
different Individuals. 

I ji tFu j simplest ease* >kip|Hisr si gamete from im individual present¬ 
ing my eharaeter in lhtensity A unite In fertilization willi another 
from jin Individ mil presenting the same ehnmrter in intensity b nr 
brevity's sake wr limy till] the parent individinils i und ft mid the 
resulting ivygntr . h+ Whitt will the structure of An I.h- in regard to 
tile clmnitilur we sun considering i 

[ T p to Mendel no fine proposed to answer this ipucstioi ilk jiny other 
w‘ii\ tlnm iiv reference to Cite intensity of the rtuirrn-ter in (ho pt'ngmi- 
itorsi kind primarily in tbo parents* -l mid -a 3rs whose I todies the 
gametes I ill 1 1 Won developed. Tl was well known thiit such si refer- 
oner 1 a vorv pour indioiitioii of whut Aa would bfx Holh A and 
a imii' obme from a population constating of individuals niBtiiloaling 
the saute eharaeter in \annus- intensities. in the pedigree of either -1 
nr ft these various Inteu^ilie^ may have mourned few or many limes 
Common experience lead- us to expert the pvolnihiiin in regard to 
r I ft to lie infliniiieed by this history* Ttie next step is that whieh 
(jalton took. He extended the reference beyond the iiiiiuetlhite \mr 
eiiI- -- of Aft to it> grandparents, great-grandparents, and on, and hi 
the niscs he sludled he found that from ll knowledge of t lie Inteiteity 
in whieh the given ■■Imnnier uim maid jested in eadi progenitor* men 
fur some few generations hark* a fairly ammite pivdirtion mu Id I’m 
iraiile, not as to the ehunieter nf tiny individual Aft* l>ni jl- to the aver¬ 
age t hiuiirter of Atf* of Hindlnr parenlng^ in general. 

But suppose that instead of individuals presenting one character in 
differing intensities, two individuals breed together* didtugnUhol by 
rharur ters whieh we know to lie mutually exolnsivo* suc h as .[ and /A 
Here again we may ^perik of the individuals producing the gametes ns 
.1 and // amt t he resulting zygote us AH, Wliut will .1 li he like? 
The population here again may eonsist of iimnv like .? and tike //, 
These two forms may have I wen breeding together indiscriminately, 
and there may have been many nr few nf either type in the pedigree 
of cither A or //. 

Here again tniUon applied Ids method with remuikuble success. 
Referring to tin 1 progenitors of „( ugtiK />'* deh-rndniug how many of 
earl I tyjM 1 there were in the duvet pedigree nf 3 and of /*, he arrived 
at the Mme formula us before, w ith I he simple difference tliaii instead 
of expressing (he probable average intensity of ime i-hikrtn'ter Jn sev- 
lomlI individuatat tha pretlictiori is given in terms of the prufuibh num¬ 
ber of .1 Vain I //* I Iml ivunld result on nn Jiviuiige wbeti partimilur 
. IV and IF* of known pedigree hived together. 

The law :is (hdtors gives it a^ follmvs: 

‘"It is that the two parents eoiiLrihme in tween the.. (he avemgr 
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one-half or (U»f>) of the total heritage of the offspring 4 , the four grand¬ 
parents. one quarter or io.,7r; the eight giv E it-grand pare ms, one- 
eighth or (tii&Ff and so on* Then the sikid of the ancestral 
contributions is expressed by the series 

{(0*5) + (ft.5F -l- {0.5)‘. i t.--!* 

wlii.li. I icing ci|nni to I. Accounts for the whole heritage/' 

Cm the former ease where J and ri nit!^bameterswhs vh catt lie denoted 
by reference to a common scale,. the Ia^ assumes uf course that the 
inherits nee will be. to use Galton's terra. blended: munch, ihrit Ute 
zygote resulting fnam the union of _| with will on the average ho 
more like a than if .I had been united willi + iy and. ronvurcdy. that 
an . bf zygote will on the avetugti Im 1 more like ^I than an *fn zygote 
would \h\ 

Hid in tin* Cfisft of A'a and /f s* which are assumed to lie mutually 
exclusive characters* we t^n not speak id blending* but rather. 1 rn use 
(i niton's tertUf of alternative inheritance. 

Pearson* finding that the Law* whether formulated iliu*- or in the 
moditbsl for in in which he restated it. 1 did not express the phenomena 
of alternative inheritanea known to him with suflidern atiurncy to 
justify its strict application to them, mid also on general grounds pro¬ 
posed that the phenomena of Mended sun! alternative Inhoi-itrmce 
should be treated apart si suggestion* the w isdom of which mn 
sen rt > 1 1y 1 hj i j u i -st to i u aj „ 

Sow the law thus imporfnctly set forth and every modiffcatiuji of it 
is incomplete in one tCBjpftvt- It deals only with the dmmuters of the 
resulting zygotes ami predicates nothing in regard to the gametes 
which go in form them. good prodiet ion iiiny I m made =o to any 
given group of zygotes, hut the various j josh ihie constitutions of l!n> 
gnuiotes are not explicitly heated, 

Jfei ortlielcss a definite assumption h implicitly made regarding the 
gametes. It is not Mi ijui^tiivEi that differences between these gametes 
may occur in respect of the heritage they bear, yet it is assumed that 
these diUerences will Ih> distributed among thu gnmotes ot any indi¬ 
vidual zygote in such n way that eai-b gamete remains capable on fer- 
tiliftitkm of transmit ting alt the chambers (both of tile parent zygote 
and of ii> proguiiitora) to the zygote which It then contributes to form 
{and to the posterity of that zygote) in the intensity indicated by the 
law. He nee t the gametes uf any individual arc taken us collectively u 
fair sample of all the racial characters in their appropriate intensities, 
and tld' theory demands that there -trail have been no ipnd dative 
redistribution of diameters among the gametes of any zygote in such 

■Ma fVfljscm + s EinnlilU'nrii-u the pronto rrwtribulr OA lbe £froli*iGnty (Lin, Eiie- 
vn j al -^ r rcE]ul| xmnt ts 0,075. 

Sn,» the v- urks referml lu 
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il wav thivt mhii^ garnet* ■* idntll be dually exchidvd ff^tn partaking of 
iuuI tnimi pitting any sjaeifir part of the herifcftgB* I he theory further 
demand^ -mid by f|i« anutugy of vvliut we know otherwise not only of 
annual* and pin in-, km of jihyMnil w dteuiimt b>. perhaps this b 

thv mosi prions .pi ion of all that the structure of the gametes 

filial I admit of their ltfdtigntpiiblL*of transmitting any diameter in any 
intensity varying from ?rm to totality with eipiul fufin* and that 
ftamrti'* of each intensity tire nil i -jually likely to omir, given it |«o IU 
giee of appropriate arithmetirul romp virion, 

Kuril un assumption apjmus *o improbable (hut ev*ui in ease* where 
the fiicts mhuius vet to point to thtaopiudusipn with exerptloiiid elear- 
itess % as in ill!,■ ease of In i mini stiiture. 1 ran not hut feel t h e it- is still 
room for iv^i'Tt i- of judgin'lit. 

However thi^ may Sh-* the law of unrestml hwdity and all uiodifi- 
nit ions of it yet propo-rd fall* short in the respert speeded alcove- • 
that it does nor dim fly attempt to give nur ummnt of list ri but kin 
of tlie heritage among the gamete* of urn* nin* individual* 

Mendel's eonerption ditTer- fundamentally from that involved in the 
law of ancestral heredity* The relation of hi> hyptfthftris to the fore¬ 
going nrtuv lie 1110*4 easily show n if wo eonsuler it first in iip|pfii-atioii 
to the phenomena resulting from Hie cross brooding of two [Mire 
variet ie$* 

Let un again consider tin- him* of two varieties, eudi displaying the 
sanioehnraeteTj but in the resp etive intensities A and w* Km-h gamete 
of the variety bears .1. and each gatinde of the <; variety In-sirs <r. 
When thov unite in fez* till nation they form (be zygote -ta* hat will 
1 m> jl.-* fha™:iei>i The Memlelinn teaching would reply that this enn 
only Im> known by ilhecl experiment with the two forms A and u, and 
that the eharurtei s A and *t perceived in those two form- or varieties 
need not give nuy hid mathm as to I In- character of the zygote .! It 
may display the ehnruetor J or n or a idinrin ter halfway Nd wetm the 
two, or a eHtimeter heyoml A or below m Hie character of A*t is 
not regarded as a heritage t mi emitted !-« it by .] und tty ir ? but as a 
rhtt meter special and pe« ttliar to just as NwCI is nut a body Imtf- 
aav 1x>twetm sudium and eIi!orine f or sneh that its properties nth be 
predated from or easily stated in terms id theirs. 

If li eoiiereh- nise may help. :a. trill |h-zi J rms^ed inth udwarfofn-n 
prodU04fs net a plant having the Height of either .1 or u, but some¬ 
thing taller than (Ilv jutre tall variety .[. 

But if the ms4- olieys tin- Mendelimi principles ns does that Lore 
!|iioted- then U van he declared^ first* Mint the game tea of „]■ r will not 
Im- bcafnr^ of the rharueter jjrojH^r to .lr/ + # hut + generally s|>eakiug, 
I'uvh gamete will either lamr the pure _J ehniaeter nr the pure e ehur- 
aeter. Three will \n find he a reilmlrihiilion of the ehimien-r- InMiiglit 
in by die gatmdi^ whu-H united to form the uygote A*t* nnvh tlait nieh 
gnuwte of An in pure* a- de- pn rental gmineb s s were. SiH-ondly, this 
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mibtrtliuiioh will ^ctir iu such it wai tlial of tlm p^hIuvihI 

by such I- s + on mi average there will tuM-ijiinJ niimlHTH of .1 gametes 
and of u gimicte*. 

Genista [ueEitlv if -b/s breed together, the new J nmv meet 

each other in fori notation, forimne a zygoh J,-L namely* the pure J 
variety again* Siiiiikrly two u gametes nun meet is rid form w.or the 
pure ri variety ugnm. Uni if im J gamete meets tin e, it will nave 
iii-Lt-n- form hi, with it- sjwittl character. This Jo is the hybrid or 
‘■mull*" form, ->n\ ;i k I have elsewhere railed it. the bMorfcfcygote. si-, 
dbtinguisbed fmm J J or no the homozyguU'H' 

Similarly if tile two gametes !■=' (wo varieties distinguished by char¬ 
acters- -1 soul B f which ran not (mj dcserilwd in terms of miy com¬ 
mon stale .Hindi us, for example, the 'Toae"* and 4 *single" condis of 
fowls—unite in fortiUztitmu* agum the character of the mule form cun 
nut 1 m- predicted. Itefore Hie cx|ioriment is made- the **uitile" n»y 
present miy form. efaamcter or [mo] writes can an yet lie tm more 
predieted ttiais could tlvosc of the compounds nf unknown elements 
before the discovery of the per iodic law. 

Hnt again —if the Ih- Meridelinn theguiurtas Iw^mc by J /» will 
he either A t h or ff s t uml the oms*-brcd J ff> breeding Logrihcr will 
form ^IA\ J//s and Moreover, If* as in I he mirmnt ilende- 

litin rast\ AM* Iwnr "is itii average ™jnnl numbers of J gametes and 
Ji gamete*. tin.' iniuiericnl ratio of tb-e rt'siiltiiig zygole> to each 
other will he 

1 AA : a J It : I IJ& 

Wo have seen that Mendel makes no pmUetloh as to ihe outwurtl 
nisd visible ellftnirtor* of A/t m hut only sis to the essential constitution 
anti stut istieul condition of Its gamete* in regard tu the ehunieforK .1 
nml //. Nevertheless in si Surge number nf the character of J B 
is known to fall into one of three categories (omitting mosaic-). 

H) The cross-bred nmv almost ft 1 ways resemble one of its pure pur 
enta so closely ls- to be : remtinilly uodisriogiYis ba bl r from that pure 
form, us In the rase of the yellow eetylcdotecolur of certain varieties 
of when cittHssed with green-cotyledon oil tu Holies; in whiehea.se 
the purenEisl diurarter, yellow, thus manifested by the cross bred is 
railed “dominant,' 1 ami tin- jmreiitat (diameter* gm fc n, not unmi fi >t^ l, 
m wiled rocessive. 

(^2) The er«>Hs}pred tuny present some condition intermediate between 
the two parental fun us. in which we may still retain the lenu 
-‘Umd M ns applied to the zygote. 

Such an fc " iuleruieijiau- 1 " may k- the apparent meiin .. .the two 

parental forms, «ir b- uraivr to one of othtir k any degree. Such u 

"Jim L?<>Jh'-i^ticin wu“ eli-jirl> f^nn^l by N'liiKliik -.siih MiuidMh but 

It whf not worked 'Hit by him omi n-uuiiihd a murv Hii^^iion. In one plan*aLui 
Ywkvi oliue very re nr to t tv sli mt hh-a. ■ S e Itibh-vnlphy, . 
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nist* that p*f :i crus* hntwism a rich crimson magenta Chinese prim¬ 
rose "i 1 1 Li ii Hear white. giving a flower of il color appropriately 
di sci itwrl ii> a " washy * + magenta* 

(S) The crossbred may present ’■uiur form ijuitr differeril from that id 
either 3 mn? puivnt, 1 'hough, as 3ia.^ been nf^nL nothing r;in he pre¬ 
dicted of :i ii unknown, ease* wo already know a con^iilombli? number 
of uxamplc!> of this nature in which the mule form approaches some¬ 
time* with great accuracy to that of a putative ancestor, near or 
remote. I i is scarcely pn^ihlc m doubt that several though perhaps 
not nil of Dwwiuhj " revenakma on crossing^ won' of thrs nature. 

Such ei vase b (hilt of (he "wild gray moiirte v produced by the 
union of alt albino Louie mouse siiid ei pkdaild plapaueac moiiNe/ 1, 
These ” roveFsiumry " mace bred together produce the parental tame 
types* some other lypes, mid * + revefsiomirv " mice again. 

From what litis been said it will now he clear that the applicability 
of Like Monde]inn lie jmi thesis has, intrinsically* nothing whatever to 
do with the LjiiestiorL of the inheritance being blended or at tenia live. 
In fact, us sikoi as (he relation uf zygote diameters En guiuete eluitiic* 
fi- i- apprecinlid, it is ijiHaeult to see any mison for supposing that 
the manifestation of ehnrnctrrH seen in the zygote*. should give any 
indicate i ns to their mode of nlEotim-nt among t hf gametes. 

On a previous occasion i jaunted out thaE the tonus " heredity 

and ht inheritance" arc founded on it misapplication of metaphor, and 
in the tight of our present knowledge h b Incoming clearer that ihc 
ideas of ^transiiiisdun ^ of a character by parent to offspring, or of 
there being any k 'eimtrihutinir' made by an ancestor to its posterity, 
must only he admitted under the strictest reserve, and merely els 
descriptive tonus. 

IV p tiro now presented with hoehc entirely new conceptions; 

(]) The purity of the gametes in regard to certain eharueh'rs* 

(^) The distinct ion of all zygotes according as they are nr are not 
formed Tpy the union of like or unlike gametes, In the former casc T 
apart from variation, they breed true when mated with their like: in 
the latter ease their offspring, collectively, will he heterogeneous 

(;i) ff the zygote lie formed liy the union of dis^imitargametes, wo 
may meet the phenomenon of (tf) dominant and recessive elmrae- 
U-re: \b) a blend form; (V) a form distinct from either parent, often 
reversionary. 4 

11 'Set virfi i limits Ber. Xutmi fw. FrejHnrtr, X p ikSR, Hurl XI , \&.%K by 

IVnfeeeor Walden (bw Inter!. 

fi Thin£n-t fiiHiehaiiSy liullcates i lie ditfunillies involved In il xtiperfiniiil in^uimtit 
ef t hi ^ fihiuinnauiMTt r if iwendum To call *luJi nwerramw iu* thi««e named ibcw 
‘"returns lu nnift^tral typp M would ln% U iiiut^ Ilian a de^riiptlve (ihrwi.' wen* 
hateniJisj, qiule miMlcudinjz, I t i# not the luua^lml lype that hcis conic tdii-k. hut 

ha* .. in its \mw' r m the eUspriiiajE prwontly jpruw. For the iir^t 

lin±t we iIiuk to flvt u of it i vti>Coii f 0 
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Ihil iberoim,additional and even more siguiiimiit doducth'N- from 
the facts. W-- bnvo ><1*11 thait the gametes an j different in ted hi resect 
of purci chamfers. i )f these put** characters there may rciiicmaMr 
Ik 1 uny number afc*<M:ialvd together in one organism, In the jw:i .Men 
del dotted at least Sevan -not nil soon hy him combined in the same 
plant- hut there is every lifeeHiiocwi tliiit they ire nil capable of lioing 
thus uornhiuerh 

Eads such rhmn ter, which is capable of iHnngdissucintrd or repinedl 
by its eontruvy, mu- 1 henceforth In- conceived of ft* 11 dbtinef unit 
character; and si- we know tint t Su- several unit characters are of such 
h n:ifmv e luil any one of them is capable rtf indepeiidiintly dbpWing 
OP living displaced by cine or more alternative diameters token singly, 
wemny imrcijgtafer this fuel hy tuunmg such unitehumctergullletomorph*. 
So fur we know very little of any allelomorphs existing otherwise 
than us paira of <-untruries* but I bis is probably merely due to experi¬ 
mental limitations and the rudimentary sinto of <mr knowledge. 

In one ruse (comb* of fowbj we know three characters—jma cotnb, 
ro>u cunib, and single comb, of which peu mid ningle, nr ruse imd sin¬ 
gle, Mrnie toward each other ns 31 jmir of allelomorphs, but of the 
behavior of | "h "J l nud ns^ Iowan l ruck other wp know us yet nothings 

VV r have, no ren-on its yet for alii ruling that any phenomenon prop¬ 
erly described as displacement of one allelomorph by Mother colours, 
though the metaphor may In? a useful one* In all eases where domi¬ 
nance hm been perceirad we ran affirm that the members <>f the 
allelomorphic puis- stand to each other inn relation the until roof which 
we are us yet wholly unable to apprehend or illustrate. 

To t hi- new conceptions already ermine ruled we may therefore* add: 

(4) l nit characters. of which tfooie, when once arisen hv variation, 
are alternative t«■ each other in the constitution of the gametes, 
arcordmg to a definite system, 

From the relations subsist big lie tween these characters it follows 
that aseuch zygotic union of allelomorphs in resolved on the formation 
of the gtmielra, no zvgotc mn give rise to gametes mlh-clivelv repre¬ 
senting more tbati two etMiticters allrloukirphir to cadi nlher, 
from new variation. 

From tho fact of thy existence of the imenbungeubld characters wc 
must, for piir|w*w s of 1 teiitmeul siml to complete the |Hissibilitie>. niv- 
csaarily form tin ronrrjrtinn of an ir resoluble \mst\ though whether 
siieli u conceptimi hits usiv objective reality we Imve no mean* m vet of 
determining 

We have now aeen that when the varieties J and B arc crossed 
together* the heterossygoie J /; prudltCttt gametes bearing the pure A 
rhnmeirr and the pure B character. In auvh 31 mm w e speak of such 
characters u* simple allelomorph*. In imuiv reis*-*, however, n more 
complex pheuomciMm Inipjw-ns. The character brought in on fertili¬ 
sation by one or other ptrgnt may bo^jf *uvh a nature that when the 
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zygote AB forms its gametes these are hut individua^My Uvuvrs merely 
of ^[ iind IK I nit ^ hf ll number of clumicterc fheuis* Ive> again integral, 
whir I i in,say A, Hchuved us one Hungrier m> lone ns il** gamete united 
in fertilization with others like i.hriii*eh T r-s, Hut on i'--' fertElH&itiuu 
are resolved and redistributed among the guim tc* prodm-cd b\ Hie 
cross-bred zygote. 

In such a case wo mil the diameter A a compound ulkloiiuu'ptluund 
wo am speak of the integral e1ninirtei> which r'(institute M ns bypailrlu- 
morphs Wv might to write the hole ro&y goto r ^,i /> and tin: 

gamrttis produced liy it may He of the form . I + . [', *1'\ Or 

Hie resolution may He Incomplete ill varnai# degree, as we already 
sUs|*vt from certain instances; in which ease we may have gametes 
.!, .]\l\ .r r'JU/J. ami >o on. Ivieh of th->e may meet 

a similar orn dissimilar gamete in f<u r tl It nation* forming oil her u hnuin* 
zygote or a hctercMcygote with iis distinct properties, 

lit the citse o! compound aUelDih orpins we know ;ih yet nothing of 
the '-tntistirul relations; of He- so vend gametes. 

Tims we have the oonreptioti 

(;i) of a Col 11 [Hilltirl ebanii l' r, lairue Hy one ganirh-. I mush lU ted 
entire as it single dm raster long us ferlillzulinn only between 

like gametes* or is in other words, r ‘ symmetrical;" Inti if for til'i/n lion 
take place with it dissimilar gamete ior jitrssihly hy other vansesk 
resolved into iatcgrul roii-st-ituont ebn meters. each soptiiatcly tmns- 
miss i Hie. 

Isext T as, 1 1 y lhe union oftbe ginileLes 1 h■ \ l ri iig tb■ ■ \ ari< uas hy \m llel u * 
morphs with other Milch gametes* ipf wilh gametes hearing simple? 
allelomorph's in fertiHmtimu n iminlier ef new zygote- will formed, 
such as limy riol have been seer] U b fore in tie- Hived,. These will hue i- 
tftbly he spoken of ns varieties: mid ii is ilitHcotr not to extend the 
idea of variation to them* To distinguish those from other varia¬ 
tions which there must surely \h* we may cull them 
O.ij Aiudytksd variation* in eontmdisti riot ion to 
f7> Synthn-timl variations, <K*curniig iml Hy ilm se-^inition of pre¬ 
existing constituent eluinicters, hut by rl j i- additien of new cha rue tiers* 
Lastly, it is impossible to In* presented with tin- fact that in Mrnde- 
IisLMh rani's t|jr> crus-shred produces ori an average Cipinl nmnher^ -m' 

gnmeh^ of each kind—thal is Lo say* u nymmetrical result without 
.suapei-tiugtiuittliis fart must corres(Hmd with -nine m i nnietrival (igure 
of distribution of those guru el es In I be nil divisions Hy which they 
are prudueed. 

At lire present time these arc Ho■ main conceptions though by m* 
means :dl arising direct[y from Mriu.h.Ts work. The tirst six ate all 
inon- or li-s^ clearly etufMaliccI by him. (hough not in every rase devel¬ 
oped in accordunee with modem knowledge. Dim sevenlh 3s not ii 
Mendeliiku coiiccptmiij l>m the fact- before us justify it- iiiciu^ion iri 
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thr ntem* li-i, though fiirtlic present it is Hull more iluui a mere Mir- 
niisc. 

In Mendpllan crt-se.s It will imw In- perceived that nil |]n< jivgutf-H 
lompadiig tin* population consist .if :i limit.4 number ..f possible 
types, ‘m il uf definite constitution, hairing gametes also of n limited 
and definite number of types, and definite constitution i„ aspect of 
preexisting diameters. It is now evident that in such ruse* each sfv- 
progenitor need nut te- lint light to account in reckoning the prob¬ 
able ebumeteps of each descendant: for the gametes of ernssb reds are 
differentiated at each successive generation, soioo parental (Mendel laid 
ehiinu ters taing left mil in the composition of each gamete produced 
by n zygote arising by the union of lieurers of opposite nJIclomorphn. 

\\ hen from those .-mi side nit ions we return to the phenomena com¬ 
prised in t he law of anreatral heredity, what certainty have we that 
the fiume conceptions are not applicable there also; 

1 1 has now fteen shown tlm I the question whether in the crossbred 
Kvgoh -s in genera) the diameters blend or are mutually exclusive is*n 
entirely subordinate one. and distinctions with regard to the cssentiaL 
nature of heredity based on these circumstances became irrelevant. 

In the iu>.' of il population presentingcontinuous variation in regard 
to, say, stature, it in easy t,> see how purity of the gamete* in respect of 
any intensities of llinl character might in it in urdinan i'itviiiii>tiun , is 
lie capable of detection. There are doubtless more than two pure 
gametic forms of this diameter, but there may i|uite coned vabtv In 1 
sL\ .ir eight. \Y hen it is reme ml Hired ihut each heterozygous cimiiii- 
nutiuti of any two may have its own appropriate stature, and that 
Hudi n elm meter ih distinctly dependent on external conditions, the 
mere fact linn the olwrved curves of 'luiuiv give "cbanco distriliu- 
tinns” is not surprising and njuy still lie compatible with purity of 
gunietesin respect of certain pure types. In jw-a* (/*, Hilirnttu)* for 
example, from Mendel's work we know that the tall forms and the 
extreme dwarf forma exhibit gametic purity. I have seen at Messre. 
Fulton's strong evidence of the same nature in the case of the tail 
sw«at | H “i I bithfirtt* it*} und the dwarf or proiumdient “t’upid " 

form. 

Hut in the ease of the sweat p u we know at least one pure form of 
definitely intermediate height, and in the ease of l\ mtUvuta there arc 
immv. When the extreme typos breed together il will he remom bored 
the lii-tenwygnte common ty fttceedn the taller In height. In the next 
generation, slncu there is in the case of extremes, so much margin 
between the tyjMw of ihe two pure forma, the return of the offspring to 
the three forms, of which two are homozygous and one heterozygous, 
is dearly perceptible. 

If. however, instead of pun- extreme varieties, we were to take a 
piir of varieties differing normally by only a font ( >r two. we might. 
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owing tn the masking effects of condition** ate,* Iihvo great difficulty 
in distinguishing the Ihn^ forms in the second generation. Them 
would* tasittas, l* 1 twice ft- many Imterozygoin* individual* as homo- 
EyguttB indhrfdmils of mn-h kind, giving it Mmiinetrical distribution of 
heights, rind who might not -in pre-Mendelum dftyg— have neeepbd 
such evidence* jiuuln sriil less dear by influence of conditions* as 
proof of continuous variation Imth of zygote* and gtuiicterit 

Suppose, thou* thal instead of two pure lyp&j t we had six or eight 
1 1 reeding together, each pair forming their own betemzygote, them 
would he a very remote chance of such purity nr fixity of type* whether 
of gamete or zygote, Wing detected, 

Poini muiee, ns we liftvc seen, is merely ft phenomenon incident^ to 
specific roses* lietwren which no other common property hn* yet been 
perceived* In the phenomena of blended inheritance we clearly have 
no dominance. In tiir tti^rs of alternative inheritance studied by 
C tult-LPfi and Pearson them is evidently no univemd dominance* From 
the htlde-L ol Ihissei bound petligTers I here in dearly no definite domi- 
mmee of either of flic uoat colors-* [n the euse of eye color tli*- pub¬ 
lished tables do not. so fur ns 1 hove di*nivered, furnish the material 
for 3i decision, though it 1* witr-dy possible tie* phenomenon, even if 
only occraugnul. could have lieen overlooked* We must lake it. then* 
there is no sensible daminfuic^ in thc&» cases; hut whether there is or 
h not sensible game tie puritv is tin altogether differt-m question. whirls 
^o far as [ ran judge, i* jis yet untouched. I t limy jiertectly well 1 m; 
that we shall Ih- compelled to nvoguize that in iimny ni^es there is no 
smell purity, mid that the characters may be earned hy the gamete^ Iil 
any projiortton from zero to totality, just ns some siih^tunrcH may tie 
eurrictl in il solution in any proportion from zero to saturation without 
discontinuous cUnngtt of properties; That this may bo found true in 
some eases is, on any hy|inthesis* uertiMi; hut to prove the fact for liny 
given ease will lie tin exceedingly difficult operation, and 1 scarcely 
think it Inis been yet carried through in *uc!l n way fts to leave m> 
room for doubt- 

t^otivemdy, the absolute mid univoraid purity of the gamete* has 
certainly led yet bean determined for any ease; not even in those insrs 
where it liH>k* most likely that slid t universal purity exists. Impair¬ 
ment of sta ll purity we tuny conceive either to occur hi the form of 
mosaic gametes, or of gametes with blended properties. On analogy 
iitul frutu direct evidence we have every right to believe that gametes 
of both thw classes may occur in mre mid exceptional eases, of m 
yet unexplored nature , 1 but such a phenomenon will not diminish the 
signifintucM of uliservod purity. 

1 It will W iniitem^iotL from whui MbusxImE the existent* ■ >f loaeuitf ayjphted ih nu 
pfis.if tint either isrtaiioiiexit giumHe wan mosaic. 
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W’*- Jmvo imw seen the e&enthil nature of the Mendtdian principle 
mid an,' able to appreciate the exiiet relation in whidi they stand to 
the group of nines included in the tnw of Mu-estm! heredity. In 
seeking any general indication a* tn the common propecties of the 
phenomena which are already known to obey Mendel tan principles we 
( nit jis yet point to none, and whether Nome such common features 
exist itr not is unknown. 

There i*, however, one group (if cases, definite though a* yet not 

.. where wr know i Imt the Mendel inti principles do not apply. 

Three are the phenomena upon which Mendel touches in hi* brief 
paper on ITienuium, As he there slut. s. the hy hrids, i f they are fertile 
ut nil, produce offspring like themselves, not like their parents, in 

further illustrutiuuof this ..mm lie cites Wichnro’s^UiK hybrids. 

Perhaps Home dozen other such illustrations could be given which rest 
on good evidence. To iluwe ruses the Mendelimi principle will in 
im .vise apply. nor is it easy to conceive any Itindi Unit inn of the law 
nf imeestrul heredity which run express them. There the mutter at 
present rests. Among Hips' rases, however, we pi-rcdve several more 
or less common features, They lire often, though not always, hybrid* 
Is tween forms differing in many characters. The first’emsw fre¬ 
quently is not the exact interlin'd iute between the two j ft rental tvpes, 
Imt limy, us in the few Flieraeium ciumsh, Im* irregular in thin respect. 
There is often some degree of sterility, In the absence of fuller mid 
statistical knowledge of such cases further discussion is Einposaihle. 

Another class of rases, untouched by any hypothesis of heredity vet 
propounded, is tlmt of the false hybrid* .if Millnnlcl. where we have 
ferti I inutit m without transmission of one or several |*i rental ehumeters. 
In these not only does tile first cross show, in some respect, the cfuir- 
unli r or ehatacters of one parent only, but in its posterity no reap¬ 
pearance of the lost character or ehaiwtmw is observed. The nature 
of -m il wises is still quite oimeiire, hut we have to suppose that the 
allelomorph of one gamete only develops ufterfcrtlllmtion to t he oxclii- 
sion of the corresponding allele morph of the other gamete, much—if 
the crudity of the comparison may be pardoned as occurs on the 
female side in purl hem .genreis without fertilization at all. 

I e lliesc ns yet altogether uncoil fomnible vases we .sill scarcely 
dot]lit that further experiment will add many more. Indeed, we 
already have tolerably clear evidence that many phenomena of inherit¬ 
ance are of n much higher order of complexity, When the |a]ier on 
I'taunt was written Mendel apparently iuelin.'d to the view tlmt with 
modifications his law might be found to Include all the phenomena of 
hybridization, but in I ho brief stit^ -quent pupe>r on Hiemcium he 
dearly recognized the existence of cases of a different nature. Those 
who rend that contribution will lie interested to see that lit: lays down 
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a principle which may 1 m* extended from hybridization to heredity in 
gene ml, that the laws of each new case must bo determined by separate 
ox port mo lit* 

As regards the Mendelitm principle*. which it is the chief aim of 
this introduction to present dearly before the reader, a professed 
litudont of variation will easily Ih* able to till in the outline now indi¬ 
cated, ami to illustrate tlio various conceptions from phenomena 
ill ready familiar. To do this h beyond the scope of this short sketch, 
but enough perhaps hx& now lieeti said to show that by the applica¬ 
tion of those principles we are enabled to reach and deal in a compre¬ 
hensive manner with phenomena of a fundamental nature, lying at the 
very loot of all inceptions not merely of the physiology of reproduce 
tinti and heredity, Imt even of the csstmhiii nature of living organisms; 
and J think that J used no extravagant words when, in introducing 
Mendd's work b> the notice of reader* of the Royal Horticultural 
Society^ Journal, I ventured to declare that Jim experiments are 
worthy to mnk with those which laid the foundation of the atomic 
laws of chemistry* 
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It is now twenty-flight year* since this association last assembled in 
Belfast, and to those present who can recall the tiieeliiig^ the prdc&od*- 
tags of Section I> will Tie licst remembered for the delivery of sin 
mhlress 3n r Huxley 4 *Onthw hypothesis fluil animals are automata. 
Hud its histoiy/'on© of Un* finest philosophic piuditci* of his mind. 
At that dato the zoological world wuh about to emljurk on a period of 
marked ac tivity. Fired by the influent of the “Origin of Specie*/' 
which had survived utilise and was Liking immediate effect, the 
zoological mind, accepting the dextrine of evolution, had Ix^ome 
eager to determine the lines of descent of animal forms. Marine 
observatories were in their infancy;'the was still at -hi: 

the xtudj' of ronijwiialLveeiidHTcplogy was hut (lien becoming n science; 
and when, reflecting on this, we briefly survey the present field, we 
(wn but stand antomshed at the enormity d ilu- tusk which lunHiecn 
sir life veil 

Development has proceeded on every hand, The leavening Influ¬ 
ence, spreading with sure effect, ha* in due course extended to the 
antipodes and the East, in each of which portions of the globe there 
have now arisen a hand of earnest workers pledged to the investiga¬ 
tion of their indigenous fauna, with which they ar»« proceeding with 
might mid main, Of the Jii|min-r, let it be said tbit not only have 
they titled in gup- in mir glow ing knowledge, for which they alone 
have the material at hand, but that, with an acumen deserving I he 
highest piuixc, they have put iis right on first principles I re fer to 
the fas t that they have shown, with respect to the embryonic Tin ru- 
Iallies of the common chick, that we in the West, with our historic 
lu^ociations, our method*, mid our skill, contenting outwlve^ with 
un ever-ieL urrine restriction tu the germinal urea, have, by an emir 
of orientation, missed an all-important sept mu. displaced under an 
inequality of growth, 

*Athin** to Zoological ^vrtin» of the ttriiwh Atfodfttkui for tbe AilvLLiiivmeiil of 
liy —-p II.no-, pn*idrnt of the n-erL-m, at ISdfciM. Chs-„*. Ikq-rinkil 

from Ituport ut the BritMi fip, iflK-tifta* 
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Those (if us who haw lived iijuI worked throughout thin memorable 
period have had a uiikjuc cxiM*rieficc* for never bus then 1 )k?rn prog¬ 
ress so mpid f acctiui illation uf ohsorvations so extensive and exact. 
Of the 3 &*p,ikki living aiiutuil *]K?eietL to rompute the estimate lows 
every ope available bus Ihvh kin under bund, with the result that our 
unuusil literary ouipul now amounts to close upmi. Iiuhmp eont HI a ifitms, 
Ihe description of new genera nml siibgvnera, sty U7 (ni, More limn 
onc-bnlf uf this mat scries refer rn the Instate alone; Uni notwith¬ 
standing this, the rerun Is of fiu-ts of atructure mid drvelopmtmt, with 
whirls must uf us are concerned. now amount to a formidable mass, 
mltuiljilerl lo awe the unlettered lonker-on* to overwhelm the-earnest 
devotee, unless by special king be cun secure relief* As an example 
of what nlay occur, it may lie re m Licked that a ree&nt exploration of 
the groat African hikes has resulted in the dkcwvery of over 18f) new 
species* 

Ah to the nature of this unprecedented progress il will sufHre to 
cuishider tin 1 Isiirthworuus In 1*74 few were known to us. An ad¬ 
vance in our knowledge* which had then commenced, haul made know n 
hut few more which seemed likely to yield result. Darwin** hook 
U]xm thnn had not appeared. Some were exotic, it is true* hut no 
one suspected thiii n group m restricted in their habits could reveal 
alight beyond n dull monotony of form and Structure. Xcmt vvjls 
Miruiisi' more wide of the murk, for the • ■ imbined iuves ligations of a 
score of i-Lirne^i workers in nil parte of the world have in the InteiViil 

recorded -ome .Ed sjriades of sdniui I4 L| genera. Mainly exotic, 

they exhibit among ihctiisihex rt >imetimd variation of the widest 
possible range. Not only do we recognise littoral and branchiate 
forma, bill others nebulous and h-erhdike in hahiL t■ ■ tin? extent of 
the discovery of a morphological overlap with the leeches, under 
which we are now eoiii|k-lleil to n-uiuvc them from their old a-soria- 

tsou with the flat worms, ami to unite them with .arthworms. 

And we eve ii find these miituaU, els represented In tbe Ar<mth*iIr!iwi*K 
emuiriy |;->-mam-n[|_v Into considerations wbieh involve the theory of a 
former antarctic continent, one uf the miivvoluliimiirv ^iHt-gy^igm- 
phicnl tuple’s of our times 

! Ids ease of the earthworm may l*c taken lo typical of the* rest* gince 
for each anil every elans and order of unimal fonu> tie- progress: t if the 
period through which we have jiassrd since last unassembled here lias 

produiml rcynlut ioimry result-. Our know ledge of facts has lav.. 

materially enhanced: our rliLKsifkanons, at bc-t lint the working ex¬ 
pression of our ideas, have Ilmen to a large extent replaced in clearer, 
nifpre ronjprelit'iLsiv^ schemes; and vve are to day enabled to deduos 
with an accuracy proportioniito to our im:rciLseil know ledge of fact, 
the nature of the interrelationships of (lie Irving farms which with 
ourselves inhabit the earth. 
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Sutb?factory at* b thus result* it must In? efiwly horn in mlsid timt its 
mdizatiun could not Lave eoine about hut fur n kwpwk>dge uf tin* 
animals i pf t)u* puat, A till turning now to pokHintuhigv, it luziv ho said 
that sit the time of uiir Ltuit inerting in this city the seieutilie world 
wsis just liecumhig entranced by the promise of unexpected Jesuits In 
the oxplomtion of the American Tertiary bedil* then bring Bret opened 
Tip. The Rot-kv Mountain districtwas the area under investigation, 
and with this. 3t> with the progress in our knowledge of recent forms, 
no mu' living was prepared for the discoveries which shortly ciuua to 
p:i>s. Tu consider n rum-rote cose, wo may premise that audy of the 
placental nmmimils had jusiihod the eniiulushii that their ancestors 
On is | lutvo hud equal and pentaductyle limbs u complete ulna mid 

tibulti, li complete eluviele, and si skull with +4 teetl.ist have 

mdtaed* 11 tat is, the predominant term of the living insectivoni 
ns gene ti l J ly u sislers U hp> L Whi y mm psig 11 1 o w »0li)gist.s o f pur til j 11 1 d<>es 
not retail 1 with rnlhusitisu] the revelation which an we from the dis¬ 
covery. during these early days, in the Koeene of central North 
America* of the genera tit lirst deserilH'id ns /3>- and The 

evidence of the existence!n the loculi iv ililsuciL H>f these 44 -Ti put hed 
lK*oCftrfe* f sis they wore held to In-. rendered eleuror the HNXirfs 
of the Inter Tertiary deposits uf the Old World* which were those of 
liogs, and, in correlation with the facts then known* suggested thm 
the Rocky Mountain urea was the home of the ancestral porcine stock, 
and t lint in early Te rt rarv times their (hwndaiit^ mu^t have migrated, 
on the one hand T across tin* northern belt, of which the Aleutian 
Mauds now mark the course, Into the Old World, to beget, by compti- 
ait son of their teeth* the pigs and lings; and on the other into central 
South America, to give rise, hy numerical ivdiictum of Iceth arid Iocs* 
to 1 he pemtri-ea, still extant* 

Migration in opiMiKtte direction^ with diversity of modi dent ion was 
the refrain of this remarkable find* fm -reaching in Its morphologind 
jind zoo ^geographies! efforts* Ni>r can we allude with leas fervor to 
tin? still snore striking raise of the horses, which proved not merely a 
similar* though perl taps u later* migration, hut si jhimllrlism of inodi- 
fientuni in Imtls the Uhl and New worlds* rulmumtiiig in the latter in 
erfmcliun, whereby h Ih-cumo netw-ary T on the advent uf civilized 
nmn. to earn hack the Old World Imrse to its ancestral American 
home. No wonder that this should have provoked our Huxley In the 
remark that in il we have the demonstrative evidence of die occur¬ 
rence of evolution/" and that the facts of paleontology mine to fie 
regarded sis certainly not second to those of the fascinating lull seduc¬ 
tive dc|jui~tmciit of embryology, nl the time making gium stride*. 

I have emleuvored thus to picture that suite of zoological science sit 
the lime of utir hist mei*ting here, uid I wish iioiv to coniine myself u> 
muiu* of the Urutttler results sina* achieved on the morphological "dde. 
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But bT n* lir-l digress in order to lw dear n-^ lo Ih n 1 uf this 

phrase. 

\Vf do not expect the public to tw urcunite in their usage of scien¬ 
tific terms: but it is to m& an astounding fact that ;imong 1 ruined 
scientific experts. devotees to branches of science other thuii out- own, 
there exists u. mbmtdrrsrmidlEig us to tin- liiiiiiulKms of our 

dt’piriincmls, I ijiiole from mi official report in alluding to “com¬ 
parative inuLtutVMKts* or biologic-, ns they mil tbeinsoIvcV* arid I bul 
cite the words of tin eminent svienlilio friend in referring to biology 
iiiKl lKitniiy ns c*jri{Eiul. Ju endeavoring to get till <4 this prevailing 
error, let it he once more said tlrnl the term ‘"biology " was introduced 
Lit the beginning of the nineteenth century \*\ Triwirunu* and Ijuiiarrk* 
nod I]Jill in its linage it Im* conic to signify two totulh ibslinH things 
us employed liy our rontingiitul contemporaries and ourselves* IJy 
“ biologic T! they understand the -4tidy of the organism in relation to 
its environment We. following Huxley, Include in our term biology 
the study of &11 phenomena manifested by Indue mutter: botany and 
£OOl<»gy; and by morpholngy we zoologist* mean line- -tody of struc¬ 
ture in all il* forms, of anatomy, histohi^y. uiid development, with 
|udroiikdogy of all* tluii 1% which rnn be preferably s United in the 
deadstate— ils distinct fmm physiology, the study of the In irigiu antioii. 
Comparative morphology* lint study of likeness and unliLioness . }s the 
basis of our working eJa*4fittttioiis, nod it i- to the rnnsidemt ion of 
the morphological method and I he more salient of its recent results find 
I would now pmm-d* in fares it may lw said to ..urked prog¬ 

ress and given pracjalou to mt Idms within the last eight and twenty 
years. \ would deni in the main with facto, with theories only w here 
self-evident, ignoring that type of gcnoralization to which the exclu¬ 
sive study of cm bryology has lent itself, which characterize*. but does 
not grace, a vast portion of our recent zoological literature* 

To the earnest student of zoology intent on eurrenl advance, 1 1 n 
mental image of the interrelationship* of the greater groups of animal 
forms is ever t-hnnging-—kaleidoscopical ly il may he—lull with dimin¬ 
ishing effect in proportion m Our knowledge Wciinc* the mure precise. 

He turning now to American | mil-ontology, wo may at OOCO continue 
our theme. In tills vast field expedition after expedition has rotnmed 
with material rich nud plentiful. And while by study of it our knowl¬ 
edge uf every living uiaminaliaii order* lo nay (he least, has been 
extended, and in seme coses revolutionised. we have mtne to regard 
the early Tertiary period =is the heyday of the mammals in the sense 
that till! present epoch ]* that of the smaller birds* No wonder* I lieu, 
that there sh<odd have been dtoeovered group after group which Inis 
become extinct, or evidence that in matters sueh as tooth -tractare 
then* is ra&on to believe that types identical ivilli those of to day 
have been previously evolved, imL in diaapjHair, To contemplate the 
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discovery o { the Titauot lieria. the Amhlyopoda, the DinocenUa, with 
their st ran ^e diminutive brain, chief among thu* heavier ungulatefortUK, 
i< tiMsstwdder the Mammalia am -w: and when it is found that among 
late discoveries we have (1) that of n series of llhincw^ratoidea, which, 
though not yet known to extend *<■ far back in time as the primitive 
tapirs and Ikorstest, are «*oinplete as far us they gu: (2) that among the 
Ruminants we lmv>\ in the OrvodtmtUlvi? of tin American Eocene, 
primitive forms with a dentition of H teeth, an nWnee of dioitetnuta, 
u jieiitsuliu'ty le maims. a tetmdaetyle \ with tnuioeof a hallux, and, 
ns would appear from mi example of a bony clavicle, such 

as i- unknown in tiny Inter ungulate, we are aroused to a pitch of eager 
enthusiasm as t<> the outcome of labors now in hand: fur as I write 
there n-iii-hi'S me a letter to the effort that for most of the great ver¬ 
tebrate groups, and not the iiuumnnls alone. Lolloctioti* am still coming 
in, fin-li more wonderful than the last. 

In the extension of <*ur knowledge of the AneylojKxln, an order of 
mmi minis named after tin* , I ..■•///•We rtow of t > ik ,, niii and Samos. which 
iN'eiir in (he early Tertiary deposits of Europe, Asia- North America, 
atni abundantly in Patagonia, we liavi? i*een made aware of the ojeist- 

... of genera whose ml lent structural features combine the dentition 

of an ungulate with the imssession uf pointed clavt. Iielicvtsd to have 
Inaai reiraelile. like those of the living cuts. Conversely to these 
ttnguiculatc (no-bivoles, which include genera with limlw oji Ixith the 
artio- nud perisso-dnety k* lines, there have lieeii found among the 
so-called Mesmiychidie undoubted primitive carnivores, indications of 
a type of terminal phalanx seal like mid approximately nomuigiii. ulatc*. 
from ult of which it is clear that we have in the nicks the remains 
or forms extinct which transpose the correlations of tnoth and el aw 
tied nc i hie from the living order® alone. Further among the primitive 
jn.‘iiludnety!i> t'arnivom we meet, in the genus J^trio/illg, with a 
nxlwtiuii of the lower Incisors to two, and, rhametera of the fore limb 
which, with this, suggest the seals. It is, however, probable that 
these characters are in no way indicative of direct genetic relationship 
between the two, for inasmuch ns these an minis were accustomed to 
seek tbetr food in the water of tin- lake by which they dwelt, their seal- 
like characters may lie 1ml the expression of adaptation to a partially 
in pintle mode of life—of parallelism of modification whit I he souls, it nd 
nothing more. 

Early in the history of their inquiry our American confreres recorded 
from the Pliocene the discovery of camtd-Uke forms possessed of a full 
ttp|ier incisor dentition for example, tin- genera /Wtfff/ftt* and /thy- 
gmmmtxbf and now they have arrived at tin- rouvlusfon that while 
the camels ait: of American origin one of Unair most characteristic 
mm blunts, the Proqghuvk i Anri'/oni/ow), would conversely appear to 
lx? the desouiulaut of an ancestor 1 fifitnUntn i ijjr) that migrated from tin; 
Old World. 
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Sufficient this concerning the work in mammalogy of the Amerimn 
palcimtologigis Wbill 1 wt- rr-tLirn llioin «ur devout and learned 
rut fun:, ho would jan [jf out that thif t p ri Ilia net" erf their dbcoverietf l*o* 
bur beclouded the nwoguitioi) of equally important iiivesttgiitinii-H 
going cm elsewhere, In Argentina then- ban 1 proceeded? side by »idc 
with the North American explorations* mwarehea into the Pleifitorcne 
or Piiiupa fauna* which in result iuv not one whit behind, as has Ijcusn 
provtd by the recognition of \i whole order of primitive ungulate, 
the Toxodoiitijini by that of toothed octnci*inK with elongated nasals, us 
in the genera /Vtm/mtftiditii ami A mid of sperm ivhulw with 

functional premaxillary teeth, viz, Phy&xittn and f \to say 
nothing of giant uruiadUltM* and pigmy glyptodons. 

It will Iso remembered by some present that from Patagonian deposits 
of supposed Creiuccom* age there whs exhibited at our Dover mi nting 
1 Tit' skull a horni^d uhekmixni which aniiimh wo were 

informed. la barely distinguishable from tho apccum originally dis¬ 
covered in Cooks kdand* oho of the Society group? and which, bring 
a marsh turtle highly specialissed, would seem in alt protaddUty to 
furnish a foreible defense for the theory of the Antarctic ispiiiinruh 
lint more than this the results of renewed invest igai inn of the Argen¬ 
tine Iw-ds by the mendhini of the Princeton E diversity of North 
America ha™ recently resulted in collections which, we are informed? 
seem likely to surpass nil precedent tu their InuriugsufKm our current 
ideas, not the least remarkable preliminary imnmnicmiieut Vicing the 
statement that there oconia fossil » mole indtetinguishah]' , ! so fur aw is 
known, from the golden mole ( of South Afritu. 

Etc fore I disiidas Lhts fasriiiutitig suhjct-L let me disarm ihe notion? 
which may have arisen, that tin- prfeohioldgk'tL.I work of (he Old 
World is done. Far from it! Eyou our American ociindus have to 
come to us for important fossil forms aw, fur example, the genus 
iff Samos and the Egyptian deserts while among lie* rodonta 
and siiailler mrnivOftuc there are large collection^ an onr national 
museum waiting to 1 m> worked over afresh* 

If one purl of the gloin- more than another in }ust now the renter of 
interest concerning its vertebrate remains, li is the Egyptian desert 
Hurt! there have recently 1 hm>u found the twines of u huge cetacean 
sissix^ted, as in South America? with thowo of a giant snake, onn of 
the Inngi^t known, since it must have reached a length of ttu feet. 
Them il! <u occur the remains of other snake.-, of chtdoniun* of remark¬ 
able adaptive type, of trm'odilkns. lb lies and other animals, Intend 
however, b greatest concerning the Mammalia, which for novelty are 
up to tb* American sluiiduid, us with nn upper and it lower jaw 
of an anipinulrms creature, eonrerning which we nm only at present 
remark that il may it marsupial, or more prolmbly a carnivore, 
which has taken on the rodent type in u manner peculiarly its own. 
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IiiijNirtarit tieyond this, however, are a series of Eocene fortu* which 
n ,ojv than fill u longstanding pip. via. that of the ancestor* of the 
elephant- mid uiuatodons. which liitherto stopped short hi t hi' Middle 
Miocene of Ikith Ctrl and Now Worlds. A* represented by the j^nus 
Mxrither!*tm r they have three Incisors above and two below, of which 
the second is in each ease converted into a short but massive tusk. 
An upper inuiiM* is present, and in ImLh upper and lower j»w» a series 
of six cheek teeth, distinct mid ImniHitml it* type. In the allied iutnj- 
thrrnim, of which a ktge part of the skeleton is known, the upper 
incisors were presumably reduced to two, the tusks enlarged, with 
resemblance* in detail to the Dinoecmtiiu type. 

St fnt a> these remains are known, they appear to present in their 
com In ued characters all that the most ardent evolutionist could desire. 
There are with them Mastodons, which simplify our knowledge of this 
group, and mining the hist-discovered remains Siren iAnA. which, in 
presenting n certain similarity In the afore-mentioned Mieritherimn. 
Strengthen the belief in the prelaw id inn relationship* of these mi untie 
forms. Finally, and perhaps most noticeable of all, there is the genus 
Awtunth'-num. u heavy brute with an olfactory vacuity which out¬ 
rival- that of (iritpitlkVtmn itself, and is surmounted by a monstrous 
frontonasal horn, swollen and hi lid, for which the most formidable 
among the Titanotberea might yearn in vain. There is an occiput to 
match I The suggestion Mint thl* extraordinary k‘ii-1 has relationship* 
with the Khionceridie is absurd, since it- tooth pattern alone inverts 
the order of this type. That it is proIxMeidiun may Ixt nearer the 
mark, and if so it shows once more how subtle were tin momulals of 
the pt tft Great as is this result much remains to Is* done or done 
again, if only from the bu t that in seeking to determine homologies 
o ur American brethren, in the opinion of some of us. have placed too 
much reliance on a so-called tritubereular theory of tooth gone sis, of 
which we can not admit the proof. How. we would ask. is it conceiv¬ 
able that a transversely ridged molar of the type can In* 

of tritubcrcuhu* origin f 

Sufficient for the moment of paleontological advance, except to 
remark that the zoologist who neglects this branch of morphology 
misses tile one leavening influence i neglects the court on whose ruling 
argument.* deduced from embryo logical data alone inu-t either stand 
or fall. We may form our own eniieluskui- from fact- of the order 
before us, but it is when we find their influence oh the master mind 
prompting to action, like that of lliixlev with his mighty memoir of 
psisn. in which he revised our sink-lit** terms, that we appreciate them 
to tlie full. 

With this consideration we pa*$ to the living form*, and 1 have only 
time in dealing with these to comment on tidvniiec which idb-et* our 
broadest conceptions and eln—iticatioti- of the post. 
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To com Cuenca with the Mammaltu* we now know that the mammary 
elm id when first it appears sb in all forms tubular* and that this type 
is no longer distinctive of tho Monet remutii alone.. We know, too, 
that the inimnnrinl position of tbu I'pjglottk when at rcst^kmg known 
for certain forma, is a distinction of the du^ + It explains the pres¬ 
ence cfcf the velum pahitinuui by its association with the glottis fur the 
restriction of the respimtofy passage, tb* connection lieiug lost in 
iiihm alone under sperTnlkatiGij of the organ of the voice. 

Similarly the doubly ossified rendition of the coracoid may now lw 
held ilutgiawtic, for it k known that the epkomcoidal element, origi¬ 
nally thought to diameteri^e the moirntmuc* alone, is always pnwni. 
and that reduction ton varying degr^irlmnieteri^ei# themetacomcoid* 
which retims, as in lunuu as the ao-mlleJ coracoid epiphysis. 

Our conception* of the interrelationship* of the Marsupial in and 
Place ptolia have, during the period we are considering lieen delimits! 
Iwyond expectation hy the discovery of nn allantoic placenta in a poly- 
protodunt marsupial in place of the vitelline,, present in its allies. 
When it is remembered that in the formation of the placenta of the 
rabbit and a hat their is realized a provisional vitelline stage, it is 
tempting to suggest that the evidence for the direct relationship of 
the two mammalian imlrcbi&§c3 first named overlap* (there bcinga pla¬ 
centa) marsupial on one hand, a marsupial placental on the other}, 
mneh as we have come to regard Arcfaietipteryx a* an avtati reptile, 
the Odontomithes tis reptilian hi rd-. These facts, moreover, prove 
that the type of placenta inherited hy the Placenta I la must have been 
iliscoidal, and that from that all other* were derived 

Equally important im mourning om knowledge of tho Mumipialiu is 
the discovery 7 , first made clear by Profe^or Symington, of this vol¬ 
tage, that Owen was correct in deny ing them a corpus callosum. How 
Owen arrived at this conclusion it is difficult to oonceEvc, but in these 
Inter days the history of discoverer is largely that of method, and it is 
hy the employment of chrome silver, methylene blue, and other 
reagents, which in differentiating the fiber tracts enable ns to delimit 
their course, that this conclusion lias been proved. ISy the COrjms 
cidlusLiiu we now understand a series of ncupnllkd filers which IrUfi- 
sort the id veils and are present only in the Pfacrniahu. 

There is no department of uiainmidogy in which recent work bus 
been more km;inous than this which concerns tins brain, and, to men- 
thin hut one result, it may bo said that in the renewed study of the 
CHitmiiftfiircs there has been found a fiber tract characteristic of the 
Diprotodoistia alone, so situated us to prove that they unit the PJaeen- 
laliit must tinvo spec talked on diverse lines from a potyprot-udobt 
ftcxsk* I ii tercet log this the more, since the phalange and kangaroos 
are known to 1 m> polyprotodoid when young. And when wo add the 
dkcovvty that in the detailed relationship id its commissure*. the hruin 
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of fht Elephant rfhn-w, ;i lowly in-m tivorc, nlaue among Unit of nil 
Placental in known realises the ttitir-it] Mill stole. il- does it- accessory 
organ of small, we have to admit thadkeovary of juineobint condition* 
just where they should occur. 

The morphological method is sound! 

Tbo muster hand which Inis given us this result has also reinvest U 
giiti’d the Lemurs. From an exhaustive study of fhe hvuin or its tag* 
of H ]1 of the order, living and extinct, them Inis come the 

|, rot> f that the distinctive diameters of the lemuroid bruin urn intelli- 
oibh' only on 11 knowledge of the pithecoid type: llmi {to gtmeturul 
simplicity in the so-called tower lemurs in due to retrogressive chiwgt, 
in -oiiie speeies proved to Ih- ontogenetic, and Unit the Tnrsier, recently 
et [dined to be an insectivore. is a lemur of lemurs. 11 is impossible 
to overestimate the import a nee of this conclusion. whii-h reci-ives enti- 
finnatiun in recent puleoatolugicsd work; and iberw is demanded a 
muvestigatiou of those early described Tertiary fossil forms placed 
on the Tngulo-lcmiutrid border line, as also a recuiisideration of cur- 
rent views on the evolution of the primates and of man. 

In dismissing the Mammalia we mull I he rapt are during tbo period 
ive review of throe new genera, a fourth, lie 1 so-called .L 
having pro red by ils -kid! to 1«- iirtjjmthetiuto thrririnii. already 
known- The A Mean t >k»pi, mi object of sensuthm beyond its deserts, 
has found it* pint# at last, To bftva lieon dubU-d a donkey, a jo-Uri, 
and it primitive hornless giraffe is distinction indeed; and we run imt 

refrain ..cimtrusting the iiimsensicul statement that i(s discovery 

is “the moat iinportmil since A ridianpreryx" with the truth that it is 
a gimfliwy horned for Mh sexes; an nee taut between two groups well 
known. As a discovery it does not compare wfi|i that of the Mole- 
marsupial, and it falls into inrignitiennw hwdde thai of the Smith 
American diprotjodunt f. >>»<&*&#, the survivor uf a family which there 
Hourished in Middle Tertiary times. 

Passing to birds and reptiles, it will la-, convenient to consider them 
together* A know bulge of their anatomy has extended on all hands, 
and in respect to nothing more instructively than their organs of ivs- 
piration. Surprise must lie i-scpri-saed nt the discovery in the etielu- 
n kn of a mode of advancingcntiipllcttlioii of the, lung suggest ive of that 
of birds. On looking into this 1 find that Hush-v, who totbnuliwxl 
our knowledge of the avian lung and its sues, was aware of the fact 

that ... common water tortoise ( E>uy* ttrhh'nl&rw) the lung k 

sharply differentiated along tin- bronchial line into a po9tero-dur.-fl.il 
won- cellular mass, an an tero-v antral more >M 0 ular, of which the 
posterior vesicle, in its extension and bronchial relationship*, 
strangelv simulates the so-called ill nil miiual hic of birds. He hud 
a I read v instituted comparison with tlio criK-nilih-s, mid wan clearly 
coming to the conclusion that tin* amngeniant in the bird is Imt the 
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result of extreme specialkalian of a typo cuntnKm to all ^uropsidu 
with a ki cellular" lung, The respiratory process in the bird may to 
defined as transpiilmanary, and it i-mi interesting coincidence that a* 

I write there comes in hatid a memoir suppnriiiig Huxley 1 ^ eonehiMun 
and e^tabJidsififf the fact that there is a fundamental principle nnder^ 
lying the development mid primary differentiation of all types of 
vertebrate 1 u n g. 

The discovery of the Odontomitkea in the American (. 'retiicemm is 
so well know ii that it is but accessary to remark tliat nine gene™ and 
aome twenty aperies are m-agnised* To Ai'i fcenptvnjj* I shall return* 
Before dismissing the Chulonfc, however, k must 1 m* pointed out that 
paleontology has definitely clenched their supposed relationship to the 
Plesiosaurs* Of all recent paleonteh^gical collection# there are none 
which, for rare in collecting and skid in mounting, surpass the rep¬ 
tilian remains from the English Junkie (Oxford day) now public In 
utir natiniml museum. The Plesiosaurs of this series must to seen to 
be appreciated* and nothing short of a merciful Ibovitleni e ^ut have 
interjassed to insure the generic mime Cryjrfnrf*idu» w which one of 
them has revived, since the hiding of the clavicle. it# diagnostic char¬ 
acter, is an accomplished fact* It i> due to secondary displacement 
under the approximation in the middle line of n paired proaefcpnlitr 
lobes, present in the IMesiusaurifl und Cheloim alone, and until Ihe 
advent of this discovery mitt interpreted* Taken in oonj unction with 
other tdni meter# of little less importance. conspicuously those of the 
plastron and phis. this decides the question of ailinitv, and proves 
the Chi lemia to have laid a lowly ancestry, ns has generally been 
maintained, 

HiK-cnt research has fully recorded the facts of development of the 
rare New Zealand reptile Sfiheiw*hm f nnd it has more thim justified 
the concluskin tlrnt U is the sole survivor of an originally extensive 
and primitive group, the librntihorephalia, as now understood, lo 
confine oar aitentinn to its skeleton, as that portion of its body which 
ran alone to rntiijiurcd with toth tho living and extinct, it may lie said 
I hat (KJedtlvc proof htis bton for the lime obtained that the devel¬ 
oping vertebral tody of the terrestrial vertebrate passes ill rough a 
paired cartiln^nons stage and that, in it# details the later development 
of this body is mmt nearly identical with I hat of the tower Butnu hlii. 
There has long been a consensus of opinion that the forward exten¬ 
sion of the pterygoids to meet I he vomers in the middle lino, known 
hitherto in this animal ami I he crocodiles alone, is fur the terrestrial 
vorlehrnlu a primitive character* find proof of this has team id dallied 
by its presence In li LI the Kby nchori-phnim known* The same condi¬ 
tion him aba been found lo exist in the Pledosimrs, the Iehthyosanrs, 
thft tkei tonety W, she Dh-ymahmtia, the Diiioanurs* and with modifica¬ 
tion its sonic ohclon huis* It has, moreover, been found in living birds; 
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u most welcome fuel* since in the |HJsA«^wi()ri of n plas¬ 

tron, carried thofiviart ty\w a st»go lower than the Dluosminv It is 
jwrtiiient here to remark thnL iniLsmueh n< in those Dinosaur* U\ g H . 

in which the ehuraeters of the hind limbs tire most 
nearly avian, the pelvis in tvs-pcel to its pubis, is sit the antipodes of 
rhsit uf nil known birds, mid the fore limb is shortcuts:! hi excess of 
that uf Ari'Lwpftn/j itself, the lone supposed dinosaur inn ancestry 
fnr birds must he held in uln-vancc. 

losing' through the Rhyuehorephallu to the Batnichiii we have tu 
countenance progress most definite in its results. The skulk the Itmhs 
and their 1 girdle* are cdiUsfly con^omccL and this in a very remarkable 
way. 

In the 1 year I SKI there was made known hy Professor Froriep, of 
Tahin^uiu She discovery that the hypjglqtvsus nerve of the embryo 
mammal is possess'd of dorsal gnngltonutcd roots. Again and again 
have I heard Miixlev insist on the fart that the ventral roots of this 
nerve an* serial with tin 1 spinal set* hut never did he suspect the resit. 
It is. however, a most intensely interesting fuel that, whereas by a 
JIiixlriim triumph the vertebral Llnsjry of the skull was overthrown, 
■n these later Huxlehm dny^ the proof of the ineorponttioii of u portion 
of the vertebral region of the trunk into the mammalian occiput 
shun hi have marked the succeeding epoch in ndvuiicc* The exist cnee 
of twelve pair.- of cranial nerves which nil the AnmupEa possess in¬ 
volves them in this ehiinge, Jind the fart that in all IhUrachin there 
are Inti ten, enables ns to draw n harlnrubf&Ht line tat ween hntmehian 
and urn mote series 

It may he urged us an objection itint sine*? we have long been famil¬ 
iar with a fndi.ni uf vertabne and skull in various piscine forms, the 
force of this dtaitioHion is weakened, But this can not In*, since in 
n--pert in the investing >li Paths and prores-i^ of devchapmenl which 
lie at the rent of the genesis >-1 tin* vertebral skeleton, the fishes stand 
disliiM-! fiin.ii tin Ihdrnchia mid .YmtikihL. w hich ui e agreed. ><» fun-i* 
bio is this eoiistdemt ion that it Iwdiooves u- to express it in wu-nl?mmd 
1 have elsewhere priijHtsci] tn disermititiUP between the series of terres¬ 
trial vertebrate as undue miniate and nyneinmate. 

Similarly, then- b im proof that uny hatnu-liunu living or extinct 

(ail 1 1 in this f include tie- SJegoeepliala ns a who lid* paswes*es a eo^ul 

sternum. So fur as their development h known, the curls luge.' in these 
animal.- mllcd ™ sternal*' are either c^racoidi! or sni generis. The 
espial sternum, tike the syncniuiale skull, is distinctive of the Anmiota 
alone. IJud the Sti goi ephaia |*assessed it even in curtilage, there is 
reason to think it might have I warn preserved, ns it has Ih-ou m the 
cdb&Bii] Mososaur iIm^ American (VetaoooEts. When to 

tills it is swide 1 1 licit whereas, in the presence of a costal sternum, the 
mechiiiilsni of Lulktkmof the lung in voJvlvs the body wall, in its absence 
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it mainly involve the mouth his in all lirdie-and hutftiel i ill us i, ti,- Inmj 
mid sharp line between the Bntrauhm and Amu iota may he expressed 
bv the formula that tin* former nr- 1 arehucnimatr and stouiutophysous, 
the bitter synmumfr vmt I sunintaphysous. 

There are allied topics which might he considered did our time per¬ 
mit, but one certain outcome of this is that there i* an end to the notion 
of ti batnirliian unceslry for the Mammal in. And when. on thi* basis, 
we sum up the ihunndcrs demanded of the stock from which the Murn- 
i] i id hi have been dirivetlj we find them to 3 jc precisely those umirring 
ouhdde the Mammalia in the Anouiodont reptiles &]umv Beyond the 
sternum and skull the chief elcs meters uru tin: possession of short and 
espial pentadiictyle tlmk, with never mom than three phalanges to 
tt digit, J :4 complete fibula and clavicle, a doubly ossified ruiiieoid,, a 
heterodont dentition -a coinhination which, wholly or in part, wo now 
nssen -1 at e w i tii 13 ic I J e mi in n ci m * ■ m / \m t *f * tph* *n * / b f/ttm r»■ .»* tts. m n nd 
others which might l#n named, the discovery of which constitutes one 
of the morphological triumphs of our time. 

Ileycmd, this, it may lie added caueemmg the Hatruchin* that among 
living pdute fr?rms the in mm have alone retained the pentfrdaetyk 
state and the rnmpleta niflxilto-jiigal nreh, and that the hksiern 7 
tfftritWf iu the possession, of the latter, the leu^t modified 

urudcle extant. Til esc facts lead to the extraordimiiy conelusum that 
the living C codeia. while of giuioral lowly organ iziifrh>m are one mid 
all aberrant: nnd u not the least important sci|md to this I hat; despite 
their tolal loss i} f limbs the Ajjothi, in the retention of the dermal 
armor and other feature* which might Instated are thcuiosl primitive 
Bat m b hi 13 nit exist* 

The bat radium pbahiUgeiil for.hi was until ipiite recently 

a difficulty in the determination of the precise-zoologies d |Mositbn of 
the class, hut it lias now f»eeii overcome by the discovery or a Jora- 
UrptUm in the [ risk cur boil iferouS having three phalanges on the second 
digit of ixith furcaiid hind limbs ami by that in thv IV mi inn of Saxony 
of a most remarkable creature. >riwc which. if rightly 

referred to the Stegoeephuhu hud a head iincuscd, as iK mime implies, 
in an u mint lire like that of it fish, and the pbrihingcul formulu of a 
reptile, ^;y^4 + 

Pulsing from the botrachia in the fisheis, we have still to admit a 
gap# since iti i inteniuiuihlo discussion on figures and fins lias no I nar¬ 
rowed it in the least* In coiiipeimtioo for this. however. we have to 
record within the fish serins itself progress grfeater; perhaps than with 
the higher groups. Certainly is this the rase if. auto hulk, the litem 
turn lei systematic sand palntfmUdcfgy be alone taken into aecminb 

Of the I hpooi our knowledge i» fust lieixmiittg er j n i plete* Wn know 
tbut LepUtotirv ,i form* , t burrow, mul in coiwcfcmtion of ii former 
n "* MtMtw PWFK&l to ivoard thL, luiiiiuiU with its .10. t win* of rib#. 
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mid with its Lftl to 35, as varieties of a >]iocifif t it is the 

more mtcresfcmg tin find that tin-i ha> lately yielded u 
(/* /AJ/e*) with the lepklosiren rib formula* viz, pairs* 

As a foremost result of American paleontological research wo have 
to record the occurrence, iri the Devonian of Ohio, of a series of 
eolosr£il Ashes known sis tin- Ar!hrudIra H the supposed dipnoHii ulEniti&l 
of which arc still a matter of doubt. 

Wi' have evidence that the osseous skeleton in a plate- like form first 
appeared as a protection for the eye of u primitive shark, and coming 
to recent forms having spec ial bowings on the teachings of the rocks, 
we have to acknowledge the capture in the Japanese seas id a couple 
of ancient shaikh, of which one [l 'twItM,liic}aw) 9 since nh-rTVcd to 
have st distribution extending to the fail" north, is it survivor from 
Devonian limes; E Iso other a genus whose grote^pte- 

ncss leaves no doubt of its identity with the Cretaceous Eamnoid 
j&iWjHiiiarAffuchwt. In the etnridul 3<m r*f the Sturiories* and the deter¬ 
minate n id their affinities with the ancient Ptdfeouiirt Idie s si muster 
stroke bm Ih on achieved, In the Old lied genua we 

have Iseoome familiar with an unmistakable mu rsipo branch, )>ossessiiig T 
us do certain living lishes, a notochord, minulahd T lint not vert^bratiid 
iii l he ^trict Mmse id the te rut- The cliu iu x In I■ lit 1 1 yep:s 1 iconkih>gy, 
however, has been reached in the tllsciovery of Silurian forms, which 
there id every reason to Mtove explain, In an unexpected way, (he 
hitherto anomalous Pteras and tV pi ia hispid In n>, by involving them 
in u community of ancestry with tins primitive Ela*mobmnvhs_ The 
gc i li ■ m TfttlfH f 1 's', Ih > ]h t r* . I /r /r a m 1 1 fj .■ ft wUr , chie f amo 1 ig 

these unncctunt and ancestral forms, are among the most rcinarkablo 
vcte h ruto fossils known. 

Passing to the Recent lighe-s alone, the discovery which must, take 
precedence is tlmt of the mode of origin uf the skoletogcnous tissue of 
their vertebral column* The Indies, unlike all the higher Vertebrate, 
haw, when young, a notochord invested in a double h heath, there 
ladtig an inner chordal shcaCh.un outer cuticulur, which hitter I* alone 
present m all the higher groups. The stoletngcmoiM colbs, hy whose 
activity the eurtilaginous vertebral skeleton in formed, nri$o outside 
these sheaths; hut whereas when proliferating they in one series 
remain outside, they in the oilier, by the rupture of the etitieulur 
sheath, invade the ehordiiL Thi- distii^lmii enables us to discrimi¬ 
nate between n * /rrWe/ riVs 5 , which embrace* the Chimueroids* Eius- 
mobniriehs. and Dipnoi, and a PtrichordaL consisting of the Teleeats., 
Ganoids, and ( VrkHoiiie.s, 

]n consideration of the enormity of the structural gap I jo tween the 
Cyeloslomes and the Idghcr Ycrtebrata this U itn extru inlinurv result. 
For be it remembered that, in addition to their well-known characters, 

m 
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the lamprey- and hagsi H in the total nWiu e of juilroii tins: (;ij in the 
presents of brandliiv. ordinarily 7 in muulKT. 14 in HihUmtvnm 
jwh/h-rttnK uuinericHlIv variable in individmib of eertnin spivk* 
Mw«(-iHt nnd 14, and doubtfully sissi-rted in the young uf one to be 
nriguifilly 35: and (K) in the carrying up of i heir oral liyjkipopliyKiH 

h v Lho rifled organ. whereby it perforates the erani.from uln>vi% as 

contrasted with nil the higher Vertebra lu. in which* curried in with 
the month <iv. it |»rfomteN it from heimutli. exhibit morphological 
character* of un extraordinary kind. And if we tiro to express these 
characters in terms we may distinguish the CyrhMomes :« -/f/'V 

and ejwwtu<ft*-+ the higher Veil eh rata u> kyp'W'ttnMih* But thH 
notwithstanding the aforementioned suMivision >»f the 1'Wes into 
two scries* which would iissociuh' the teLnc&tc and ganoids with the 
evcios tomes* as. r Listing from tin rest, m-cives supjxirt from recent 
At tid\ T of the head-kidney by a Japanese, who seeks to show that the 
organ so railed in the Elasuiobriinehs is of n late-foriiied type peculmi 
to itself* and it is also in agreement with one set of conclusions 
previously deduced from the study uf the reproductive organs. 

Ti y ilea 1 further with the rishes is Impossible in this nddiv.-. ■ epi 
to remark that recent discovery in the Gttndiiu, that the young of ihe 
Teletpstoun genera /ft and tfifMwnvAn M la?ar hlan lentous exlei- 

m \ gills, render* significant beyond WpiTtatmn the alleged presence 
of the.se among the hatches.. aial shows that iidttptu e oigiuts of this 
tyjH! are valueless m criteria of affinity. 

In paleontology, as in recent anatomy < our record* of detail have 
increased beyond precedent, often but to show how deticieiit in knowl¬ 
edge wo iii'i 1 . how contradict i tv are our theories and fact*. 

Ti, disuiisdng the tidies* I wish to comment upon our accepted terms 
of orientation. To speak nf the median tins as dorsal* caudal, and 
anaL of the pelvic as ventral, and of the pectoral in its# varying drgmrs 
of forward translocation ns aMomimil or thoracic, though n run veil- 
t sou of the pasi T Es ic, m lay inaccurate mat absurd. I question if the 
linii 1 has not conic at which the terms thoracic (pulumcortlificj and 
Lkhdonmiid are intolerable, ns expressing either she subdivisions of the 
lapdy cavity or imylhitig else outside the Mammalia, which alone 
pniHse.sri n diaphragm, Even in the birds, to grant the utmost. the 
suidivision of thi 1 nrlom, if accurately de.scrdird* must lie liito poi¬ 
nt unary , hy 1« r- pu Idioi iu ry * and ear 1 1 to -n Mom ina I e ha u i be rtf* w 1 1 1 I r 
with the reptiles the locales of subdivision arc so complex that a special 
terminology is nei essury for each f>f the several types extant. 

■' Ii Ls !lij interesting rimiiuBtuav, It their "ciLiAted pju ,M is rightly ln«iuelegj^ti + 
that .Oiij^JwiFj :li 11E the Timkuta present u cQEVQjqH'iallng 4 issinulariiv. all o warn v 
U'|]]lt math- frif the inrt Out in HottytU*\ (fartm-riti, uiil the sic iwctIhs* 

the ispmtshen, ti U ] hcrttmni t hen- to mu lit the uniud^u te-Ilh 1 eundilieii el the 
" enUos-LyW 11 \n fjiisupktini jftiWUum. 
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lik the fishes where the piinmlmin b alone shut off, the intention 
nf tin- [tutUtmfiLbn terms but humjjer* progress. Thin wn* indeed 
frit by Humeri I when, in IKIto, be attempted a iv visionary seln-me. 
SitKH\ however, one loss fantastic than his serins desirable. [ would 
propose tbnt for the future the **ansil" tin lie termed ventral, the 
"ventral" pfclvic, Iind that fur the several posilionsuf the |*dvie, that 
immediately hi front of the vruL primitive and f-mlnrvonir (which is 
the |w wit ion for [lie ICl^iiinhrHnch^* Stiii'ioiie^, Low-nr .Siliimids, and 
ail the higher Vertebrntu), lw termed pm-tnl, the mn it I ted "abdomi¬ 
nal" priejms-tal. the so-called " thoracic** jugular (in thaE it denotes 
association with the urea of the "vollnr hone'd. mid the ^u rjilh^l 
“ jugular ** mental* Urn necessity for this Ihv oiihs the more desirable 
now that ir i* known, that a group of C'letuceous tin hen. (the < *tein ithris- 
sidie} t hitherto regarded m Bevy co ids* are hi reality of t in pro id 
itllirsiiy, despite the fm-T that ut this early geologic period thv\ hud 
tnms looted their pelvic I'm into rhu- jugular (" thoracic") posit ion. 

The hiiii of our knowledge acquired during the hi si twenty -eight 
years proves to us that among the bony fishes the structural combina¬ 
tion which would give us a prcimixtilo-imixiEliLry gape dentigerous 
throughout, a pructnl pelvic tin, a heart ivilli vomd valves, would ite 
the lowest and most primitive. Inasmuch li^ till* character id the 
heart* so far a^ ut present known, exist* only among the (lujtesore* 
(pikes and herring* and their immediate allies), these must In- regarded 
a* lowly forms,, wherefore it follows that the possession of hut a single 
dorsal Ein is not. a* might appear, a necessary index of a highly modified 
state* 

Before l dismiss the vertebmtes, a word or two upon a recent result 
of iiJoi r pht>logii , !il inquiry which concerns them as a whole. I refer fn 
the development of the skulk Up to 18Tb it mis every where fhimght 
and taught ihat the cartilaginous ^knlt wji* a roinpound of paired 
dements, known n^ the ftiihrcubfc* eraml and pnnudiorduK and that 
the former rout nlmted the cranial wall. Huxley* in ls7t, from the 
study of the emmaf nerves of fishes, bud reiterated die suggest ion he 
made in bSfkb when dealing with the skull atone, that the traliecidiB 
might be a pair of prw^ral visceral Arches, serin! w ith those which 
support the mouth and carry the gills. The next step lay with the 
sturgeon, in which, in lb'TS, it was found that the cranial wall is orig¬ 
inally diatincL And Inter, when the farts were more fully studied in 
sliEirks* hntmchiuus, reptiles, and bird# Et Itceame evident that the 
Irnljertihe. though idlimati ly associated with thr vnmitil wall, take no 
share in its formation, and that w hen Hr*t they appear they are dis¬ 
posed at right angles to the jKiruehordnl* and the axis serial I v with 
the visceral arches Isdiind, Huxley wll> right* and id i hough this eon 
side mi ion by no menus exhaust* the category of independent curtb 
lagca now known to contribute to the formation of the skull, it proves 
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that the carlihginotii* ..like tin 1 Ikiiiv tin« which in the higher 

vertebrate forms replaces it. is its its essence romixiutut. 

1 now pese to the ioYhrtehmtn. Of U» Ofigodweta Mid lies I 
have spoken, and tre may next ©pushier tin 1 Arthropods. t>f tin' 
In nee i» our knowledge has gained precision by the eoneltieiou tlmt 
tin- primitive iiimilser of their Malpighian tubes is six, and by the 
study C»f development of these in the American corkwmdi 7A-ry/>Aoi*w, 
which hits rendered it probable they may lie modified nephridift, earned 
in (is are those of wme oligoeluetes with the proctodoal invagination. 
An apparent eervinil placenta luis ln*en discovered m the ortJioptenUl 
Uemhuaru** which would seem to suggest homology with the so .wiled 
• trophic vesicleof the Pcriputoid*. ns exemplified by /*. .Ww- 
Jiritiiimkit. Ill this same ortboptenm there have been recogtiixed, 
in secondary proximity to the “lingua,” reduced mdUulv, which, 
fullv ilrveh<i K ‘d and interpoirtsi 1 ►‘.‘tween the mandible and first maxilla, 
in ./o/o/j. Moehiti*. W&rjietthif and the Kph.nnni larva, give us a fifth 
constituent for (he instifetan head. Ami when it is found that all the 
jilifloiiiinnl segments of the common rockroueh, when young, ore said 
to lenr a 11 pend ages, of which the eerci ure the hi ndenuost. we have a 
series of facts which revolution ixc our ideas, Little less striking is 
the discovery that in the caterpillar of tho 1 m imbyi?|nn gviwm Ijxgtoi 
and f'hnjt'ipiftf* 1 wvph I™*™ pro-legs occur. 

Tlie fuller studv of the upt-i Lures of the trnchewte body has resulted 
in the discovery "tlint the Chilopodn are more nearly ii'lnled to the 
Hexnpoclu than to the Diplopods; when*fore H i-pro^vsed ui reclas¬ 
sify the Tracheata, in accordance with the i«aitkm of the genital 
orifice, into /W and In a word the “Myriapoda," 

if a natural croup, are iliphylcrie. 

Our knowledge of the lVriputoIds [At'thnqkKfo Mfilacopodft) has 
increased in all that concert)* distribution and structure. They are 
now known, for example, from Africa, the Wont Indies. Australia, 
and New Zealand, and for examples from the two latter localities and 
las11 iun in the generic mime (kya njntt i w has lint lately been proposed, 
to include three species, characterised by the possession uf an ovi¬ 
positor. of which two have l men observed to lay eggs. 

Work upon the t 'nislitren in out own land, notorious for the ten 
dearies of some of its devotees in their stickling for priority, Ini' 
within the lust twelve years advanced Iwyond all expectation, Much 
of mir literature hits been systematized, and an enormous increase in 
out knowledge of new foniis hus to lie admitted, thanks to memoirs 
such a- those of the “ Investigator/' '‘Naples Zoological Station. ' mid 
oiher.' which might Ih* named; while in the discovery anil successful 
luoiiogmpiling, in the interval' of six years’ labor at other groups, of 
ii new family of minute tVipcfMxls ft he C'h nniostatn&tttbe), parasitic on 
the Mtdiuo'tnien, etidinieing forty-three -jM cies. diiluull to find, we 
have no almost unique achievement. The hand which gave us this 
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has also provided n report which embraces the description of a 
utmplius of exceptional type, which , by a process of reasoning by 
elituiimiioiL masterly iti its method, his been “run to ground r as in 
every decree of probability the larva of Darwins njtodnl barnacle 
/Vrj/^cjrw hh'hirtti, of which only tlie original specimen known. 

Then 31 \> lint one oilier crustacean ivrord it pud in mnk with this, 
risSj the discover}' of the genus Aunx/thh** < >rigiiiu]ly obtained from 
a fresh'Water pool on Mount Wellington, Tnsnaniia, at 4 jhh> feet, it 
has since been found in two other localities. It is unique among all 
living forms, in combining within itself r ha meters of at least three 
distinct suborders of ** prawns/* for with a schizopod body it coin- 
bines the double epipodk! bmftlhe of an amphipod, the head of a 
decapod (ijednnculatod eyes and untemiuliirv -nitoi-ysts) njuirt from 
fhanu'ters i^ehlbirly its own* There is reason to )*elieve that the 
ncaretfL living* ally to this remarkable creature i*n -m:iLI eyeless -j ^ries 
{Both!/nr/fa imiftt obtained from u Ekdicmian well: and If its pre¬ 
sumed relationships to the ENihuozoic ^pQd-khrluqxs^ h* correct, thh 
heterogeneous assemblage may perlmps lie the repmsentntives of a 
group of primitive Maiuoo^tracn, through which, by structural diverg¬ 
ence* the establishment of the higher iTUstaceua suborders may have 
come about. 

It is pertinent to this to nub 1 that work upon ran 1 dwelling and 
terrestrial forms* upon well i-liriinp*"* and lie- like, list- produced 
icnjhaiunt t. suits. And interesting indeed is the recent discovery of 
three spi'oies , living at Ht»l to h i feet above lend, in toppslnnd, 
our an amphipod, two of them isnpxK which, though surf nee dwell¬ 
ers, are all blind. While they prove to lie s|*>cies of genera normally 
eyed, they in their chnnicteiN agree with well-known' American forms: 
and riie lihiiching nf their in*lies and atrophy of their eyi^ pmelauu 
them the descejidajits of caved welling or -nbteminean ancestors, 
unnmg whom the atrophy took place* 

Huxley in nuiniuili/cd our treatment of (lie higher Oustumi, 
by devising a idassilic ntion by gills, expressive of the ndat mnships of 
these to the Umlr-hises, interurtiiuliir membranes* and Ixxl v wall. 
Hardly had his influence taken effect when, by work extend tug over 
the years l*>.n to 1 h'Kk in the study of Pcmeiis, the PhyllopOtla, 
Gslnicods, a ml other fu-rins, evidence had Ijcpii ai-vun minting lo show 
that the crustacean apjamduge. even lo the mandible itself, ha- prima¬ 
rily a Iwtsrd eon^tituent (protopoditr) of thrert segments: Mail the 
branch ue one and nil are originally appendicular hi origin: ami that 
the numerical reduction of the basal ( proto]>oddie) segments to two* 
with the assumption of a nmmppcmlieular relationship by ibe gills, 
Is due to e^mliweiiee of part*-, with -'S' without suppression. The evi¬ 
dence fur thin epoch-making coiirliiHUm, which simplifies our euiiee|> 
tioas and brings, ronhudk ton data iulo line. Isas iriwi-tible as it i< 
important, and there has been rm thing liner in the whole history of 
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mutamm morphology. With it. thr- attempt to explain the opposed 
MBMiwibuH diameter* of the untoiiHiile by appeal U> embryology go»‘> 
to the mill: and, taking a deep bmitb, wo view the Crustacea inn 
new light. 

There remains for brief consideration one cftn^ologiail di«savery 
second tit none which bear on tliv ^ijjtdhnuuf of larval hums. It is 
that of the trilohite IW nrtJtF*M Itecfrtj ttbtsuned in abundance fpotu 
the Lower Silurian near New York, with all ils Iinib« praseired < la 
the simplicity uf ti- ftegmentutian and the bimmotis condition of i U 
Jimlw it is primitive to u degree. C^hief among its diameters an- the 
total absence of juw* in the strict sense of the term, and the fact that 
of its three anterior pair> of appendages the third h certainly arid the 
second b apparently biimious* the feat imimmims and untenmfoim 
In this we have n combination of thu meters known only in iho uttU- 
plius larva Among all living erustaecan foruibt and the ■conclusion that 
the adult trilohite, like that of the Euphaitsiaci^t Sergesrtithe Penieidie, 
the Ostraeods, and ti monies of tenday, was derived by direct espuie 
siua of the nuuplius larva am hardly be doubted. Much yet remains 
to In* done with the study of the Triartbrus limbs; and the suggestion 
of ei folmceoufl condition by those of the pygidhmi. which sire the young- 
psl* is ji remarkable fact, the mciuimgof which the future tnnst decide. 
We should expert the condition to bo a provisional one* since while 
we admit the primitive nature of the pityllopods sis tin order, we can 
not regard the foliation of their appendages as anything but a apedab 
mitioiu Ik- this %s it may, the structural community between the 
uttuplhiri larva and the trilobiu- is now proved; and when wc add tliat 
its ihe yolk-bearing higher Crustacean types {?- g - A*t<rwt*) a pereept- 
ihle halt In the development may br observed at the ibt^mibdwing 
stage; that in My*l» the vitelline membrane is shed but L> make way 
fora ei an pi 3 us cuticle; aind that the median (Ufcupiius eye he- loiigl^en 
found sessile on the adult brain of repretventnfcjve turnibera of the 
higher mistaresin group** up to the lobster itself* our belief In the 
U!iee*tnd sigiiHiraiiA'Cof l he nsiuplius larval form is established beyond 
doubt, 

The (bought of I Em- nu el pi ills suggests other larval forms. Ihe gtrs- 
trula is mi lunger sin-opted without reserve; the claims of the bins Lula, 
plarmhu inirenchymella, not to say the plakuta, have all to 1 m Ixinte 
hi mind* It is of the Troehophore, however, ua familial 1 ns the nan- 
pi ins, thai I would rather speak, as influenced by recent research* It 
h s|[j>jH>«ed to 1 h- primitive for the molluscs and diwtopod worms at 
leu*t; and various attempts have Ih-cii made to twister it up, and to 
show that if we allow for adaptive change, its cha meter** well known. 
liiv confltanl within the limits of its simpler forms. 

It is now more than fort} years ago :1ml the hilr Laeazc-Lhitkiers 
de-scril «tl for f}rv*tiif*uw it larval -luge, ctraraetenml by tin' peases- 
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aion of recurrently vitiated zones, which by reduction. with tan ion and 
translocation forwards, give rise to thetnxdml lobe. It is now known 
that in the American peUwypod VMm liinuhtttt n similar stage U 
found, in which a ''test'' of live rows of ciliated cells U present; and 
uf the young of ArOftfa/eiiwVr the like is true. But whereas 

in die J Wrfttr iln 1 ciliated sue is ultimately *hed» in the Myzumcnon 
the enctipa of the embryo is aeeompHiiicd by rupture, which liberate* 
tin* anterior series of ciliated /ones in a uitiriner slroiigiy suggestive of 
for ward come is trillion* leaving the posterior eirdet with its lilia 
attached. 

This *' test" hits also boon seen in two specie* of AWw/u, and pend¬ 
ing fuller inquiry into the My/ouicmuu and a reinvest igatiou of Den¬ 
tal i urn, I would suggest that this recurrently ciliated sac is represent- 
tithe of a tar vat stage antecedent to the trot-huplmre, for which the 
tertu protcwhal may suffice. This term has indeed k s en already 
applied Eo a larva of certain Polydneta, which might well represent 
ji inodidcatEoai of that for which 1 am arguing; and quite recently it 
appear* to have I wen observed near Ceylon fur a s pedes of the genus 
Mttrphym- 

The discovery of this larva in l.hmlmia was accompanied by that 
of a later-formed series of dorsal epuular plates, which for once and 
fur all, hi realizing a ehltonid stage, demolish the heresy of the 
* fe Sole nogasf res/' mischievous as suggesting an affinity w ith the worms. 
Like that of the supposed cephflbpod affinities of theso called "* Ffcer- 
opods/' it must be ignored as an error of the past. 

Returning to the prbfcroehiil stage* whatever the future may reveal 
concerning it. I>y bringing together the Limiellibnmrhiflta, Scapbopod*, 
and Potyphieophom, it associates in om* natnml series all the bilater¬ 
ally Hymnir trival Mulluscn except the uiphulopuds. ladling this, it 
deals the death blow to the supposed Rldpiduglos-im affinity of the 
l^imelUhnuiehiata; and hi support of this conclusion l would point 
out that the recently discovered eyes of ihe juytilids are in the posi¬ 
tion of those of the embryo CA*toti t and that just it* /AwfiaE&'w, in the 
formation of it* mantle, pisses through a Imuelli branchiate .stage, so 
are there lanicltiliruucJn? In number in which u tubular investment is 
found. 

Tiilapralrochal lumi has an important jmrt to play. It may very 
[xassibly ex pint ik phenomena such a* the compound nature uf the tru- 
ciuil Ink* of tin' limpet, lb* h presem-e of n pout-oml eilialed kind in the 
larva of the shipwonn, and of ft prw-nnai one ia that of various mol- 
lisseau forma. I el view of it. we must hesitate lieforc we fully accept 
the belief in the mutfriml #igiiificamre of the Irorhophore. And it in 
certain that an idea, at one time entertained, that the Rotifer \Tpq~ 
tiKtmphtwvih w hich so cloudy rorfcmble* it as to bear its name, is its 
persistent representative- Is wrong, since this is now known to tus but 
the female of a specie* buying a very ordinary male. 
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Through 11 if Rhipidoglossa we puts to the Clastropod>* which a ra 
one and till fur even J f l*#nrMu PtttrHa y and Duns. 

when young, develop a spiral shell; while Huxley in 1*77 Inn I oliseryed 
that the shell of Ajrfijxiiii in Eis symmetry, betray?* its spiral source- 

The notion, which until recently prevailed, that among these gastro¬ 
pods the noTitwistcdor su^nillnl euthyneuFOUs condition of the visceral 
nerve cords, ns exemplified by the Opisthobmnclm* is a direct deriva¬ 
tive of tlmt of e hi- Chitons, 1 1 as iieon proved to lie erroneous* since 
the nerves its und f%iDm w like those of the pmsubrunehs* are 

twiated or ntmitom-iiraa*, And as to Hie torsion of the gastropod 
body* recent research, in which one of my pupils hits played u part* 
involving the discovery of paired reno-perh nrdial (iprrtureH in ffttiJ- 
fhtMi-i and 7/w/ov-*, ha* resulted in proof that thedextral tor¬ 
sion which lead* to the monotoaiidiac condition, does not uniformly 
affect all organs lying primitively to the left of the rectum, us we have 
licen taught; since, concerning the renal organs-, it is the primitively 
(pi'i-torsionab left one which reiimins us the functional kidney* its 
ostium us the genital aperture. Nor is the primitively riglit kidney 
necessarily lost, for while it- ostium remains iih the renal urith-e, it> 
body, by modification and reduction* may 1 iconic nn appendage [he 
functional kidney, the so-called ncpliridhd gland. And wc now know 
there lire cases of sinistra! torsion of tin- viscera) hump, in which She 
order of suppression of the organs K not reversed, the arrangement 
being one of adaptation of a dextral organisation to a ninistml shell. 

Though thus spcchditfed und symmetrical us a group, the gastrec 
]mds are yet plastic to an unexpected degree. Madagascar has yielded 
si Thy si i i/\ fttt/t" fft'tfti ) with a iieomorphie gill, u character shared by 
sjierics of (/*. epjntmH und /*. mirFf/ifuttun) f and an Au^htJ* 

in which the Jung ^u- is suppressed; while Si. ThomiLs Island hits 
given ii' u snail ( Ffnfn>j>hf>nffo the peristome of whose 

nhell is produced into a protective lid. 

In paleontology, history records the fart that in Is+H Hus ley 
ohse i' v ed tha t the go n lj h lit /< m a ift * up; Mai rs U 1 have 1 h 1 n h ■! in t si \ f ri j G 
arms, a startling discovery which lay dormant till the present year. 
And the recent dudyof the fauna of the great African lakes, in bring- 
dig to light f he exiHtciioo of u hale I inode mcdlusi-un series in Uilo- 
I angauyika, hu> opened up new |M»ssihilities eoitceruing the puh'Ori- 
iological i-i^.-.iievc' of enoMous aqueous deposited recently r|]>eoie rod 
in the interior* and ha- entirely changed our geological conceptions of 
the nature of equatorial Africa. 

lime prevents my dealing with other groups* and it must suffice to 
siy that wills those I have not vmihideml >ubstaciti]i| work hfis been 
done. ^ hroiu what bis Itcen said, it is natural to expert tlmt hi some 
direction or another .so vast itu ncrmimlutmti of facts umsl have 
extended tHi- Darwinian leaching: ulul U Is ihsw quite clear tlmt lki$ 
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Uus been tin* case with tin: two post-Darwinian principles known n* 
‘"Suktitiitiou * :n id Isomorphism or “ Conreigetue, 7 ' 

The former may be exemplified by nothing better than the case of 
thf Rays and Skates. in which, under the usurpation of the propelling 
function of the tail by the expanded pectoral tins, the tail, free to 
modify, lan-ome* in one >]H*>ies a lengthy whiplash; in another u ves- 
ti«riiit stump; in others, by the devrliiptneut ■of powerful spine#, n for. 
iiiiihMt* organ of defense. in Imth the Kay* jmd certain other lishes 
subject to the working - of this law, modification goes further still, in 
the appearance of electric organs in remotely related genera nm! 
specie*, by specialisation of the muscular system of the trunk nr tail, 
or. ns in the cam* of M<i!itpl<rttru*, of “tegumental gland*,’’ In this 
we have n difficulty admitted by Darwin himself, which now Ixh-ouics 
cl«*r and intelligible, since there is nothing new. There ha# simply 
i*0iiie *twilt the coarendbii, in one ensc of the energy of muscular eon* 
traction, in the ether of glandular secretion, int<< that of electrical 
discharge, with accompanying structural change. The blind locust 
1 1‘tif'hytiimttm fumijer) of the New Zealand limestone eaves presents 
no allied nise. since here, under the reduction of thy eve, tbojintemiti*, 
elongated to a remarkable degree, have liecome the more efficiently 
tm tilc: noil it is an interesting question whether this principle may 
not explain the attenuation of the limbs in the recentlv discovered 
American pmteold {TyptomHuhjn rittMurnt) of the Texan imbtemi- 
nean water*. , 

And as to isomorphism, by which we mean the assumption of * 
simitar structural State by meuiliers of diverse or independent groups, 

I would recall the case of the Eocene Creodunt //.< and rin 

Senk :md that of the Myriapods to which I have already alluded, and 
would cite tbit of the Dinosaurs and Birds, heterodox though it may 
appear. for reasons | have given. 

As our knowledge increases, there is event reason to klieve that, 
in the uouapprcdatibh of tiles,, principles ill the post, not a few of 
our clarifications me wrong. We have even hud our I logics, us. for 
example, the so-called I'hyseinariu, which deceived the very elect; and 
Ih 1 fore 1 dose I vvlsJj to deal hriefiy with a question of serious d<mbt 
which these considerations suggest. 

It is that of the position in the zoological series of tile DiuiuEoids, 
jmpnhrly termed the King emit*. These creatures. Iwat known from 
the opposite shores of the northern Pacific, but found in the oriental 
sea, as well ns far south as Torres Strait, have Iran since lfci^: 1 tbe 
subject of u difference of opinion ils |o their geological position and 
affinities. \\ ithin the hist twenty years there have been three deter- 
mined advances upon them, and of these the third and inota recent 
may In* tirwt discussed. It has for its object tin- attempt to prol e 
tbit they arc intimately associated with tile rephaliispidiau and other 
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shu-UUieuritig fishes of the Devonian and Silurian epmffis. and that 
through tiic-Hi they are ancestral to the Vertebrate. The lute* phase 
of thi> idea is 1 .used on the supposed existence in a C,.phata*j»* «»f a 
serie- of twenty-five to thirty lateral appendage* of arthropod type. 
When, however, it is found tluit the would-be limbs itn> tint the edges 
of My scutes misinterpreted, nuaph-iciii is aroused; and when, work¬ 
ing back from this, an earlier attempt reveals the fact that the author, 
compelled to find tmlteculte. in order to force a presupposed i-om|mri- 
son between the architecture of the tVphaliLspidmn head shield and 
the Linmlus' prnsnmul hood, resorts to a comparison N-tweeu the 
structure of the former In general and that of the cornu of the latter, 
with details which tut the piscine side are not to date, the argument 
must la- condemned. It violates the first principles of comparative 
morphology, ami i> revolting to common sense; and as to the fishes 
COricerned/we know that they have nothing whatever l» do with the 
Litnntoids. for we have already seen that, with tlmir allies tin- Ptems- 
pidiui. they are a lateral Munch of the anecslntl piscine stem. 

The second advance upon the King crabs has very much in common 
with ihe first. It has engrossed the attention of an eminent physiolo¬ 
gist for I lie last six or seven years, and by him it was in detail set 
hefbn» Section I at our meet mg of ism!. Suffice it to say t hat it specially 
aims at establishing a structural community Iwtw« h*u the king crab* 
aud certain vertebrate*, favorable to the conviction that the vertebrate 
have laid an arthropod ancestry. When we• critically survey the 

np|Killing accumulation of words begott*.. this task, it is sufficient 

to consider its opening and cloning phases. At the outset, under ihe 
conclusion that the vertebrate nervous axis is the metamorphosed 
alimentary ernml of the arthropod ancestor, the necessity for finding 
a digestive gland is mainly met by homolngizing the so-called liver of 
the arthropod with the cellular nflu-tmoid of the larval lamprey, in 
violation of the first principle* of comparative histology. At the close 
wc find ingenious iitti'iiipls to homulugize nerve tracts and cojin ui-snuics 
related to the organs of .sense, such as an- in variably present w held or 
such organs occur. Sufficient this to show that the con ijki risen, in 
rcsjK-et to its leading features, is in tin- opening case strained to an 
unnatural degree, iti the closing cast* no comparison at all. binding, 
as we do. that the rest of the work 5s on a par with this, we are com¬ 
pelled to reject the main conclusion a- unnatural anil unsound; and 
when we seek tin- explanation of this remark able course of action, w# 
are forretl to itclicve thut it lies in the failure to understand (la-rial lire 
of the morphological nn-ihod. l-’or tin* proper pursuit of comparative 
uiorplmlogv.it js not sufficient that any two organisms ehosen ben? 
and there should la* compared. with total disregard of even elementary 
principles. Comparison should In* first close and with nearly related 
forms, pissing later Into larger groups, with the progressive 
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elimination ol those characters which arc found to be leunt con- 
Muni. Ami ntemsuiy is it, «lwo nil things, that in instituting com¬ 
parison ii should be til's! asnerbuiicd wli t it is list constitutes a 

crustacean, n iiiursipobraneb, a oyelostorue, and .. for the rest. 

Wii have tried to accept this theory, fascinated imth by the arguments 
employed mu I by tlm idea itself, which for ingenuity it would lie dtfti- 
fiilt to Uait, hut wo mn not: and we dismiss it as misleading. ils u 
fallacy liegotten <>f 11 misconception >>f the nature of the mrirphukigi- 
wil method of research. I t is of the order of events which led Owen 
to compare n cephulojwd and n vertebrate, led IdicaMsDuthfers to 
regard the Tunicfttn anti Ldmiollibinnehs as allied; and with these and 
other heresies it must tie dehuimced, 

I’rKsiiio to the tilled advance, extending over the hist twenty years, 
it may he .said to consist it. the revival of a theory of lS&f. which 
f n iIs 1 iv asserts that I.imtihi- is an Arachnid. in the development of 
the defence there have been two weak points Jmt lately strengthened, 
viii, I lie in sufficient consideration of the pa I won to logical side of the 
i pic'.siiuii and of the pnsseneo of trachea* among the A raeliuida, Under 
the former there was. until recently, assumed the ahsencO of the first 
|Hiir of appendages in the Kuryptcrida; but it may Is’ said that they 
have sinw been observed in Ennj}>t<rmywhert of the Russia Silurian, 
mid K. from the Pentium! Hilts, in both of which they innsist 

ol smalt chelate appendages Hexed mid liinuloid in detail, somewhat 
t'i'dun i fi ja!rhaps, nnd i utilised by the !loses of the snrceeti ing H rtihs. 

which . .me apposed as the anterior end is reached. Since by this 

discovery tlm Limulojd*, Kury liter ids. and Son rpton id sore brought into 
a numerical huriimiV} of limb-hearing jjarts, wciuay at once proceed 
to mher points at Issue. So far us tiu« broader structural plan of Lim- 
ultis and the Scorpion tiro concerned, all will agree to a general com¬ 
munity, except for the organs of respiration} hut concerning the 
iNclnm. the mobile rp'rmatosKia, and the mom detailed features under 
which 1 Jtuuhiua is held lo differ from thet 'rustnceti and toresemble the 
Arachnids, J would remark that while motile speirnutonoa are chante- 
teristh of the t'irrlpcdes, the rest of the argument is weakened, bv the 
prohibility that the “ainchiiiiliin" characters which remain mav well 
liavc liefcn possessed by the cnistnrnin ancestors, um! that Litmihis, 
though s|s■rialmod, being still an ancient form, might have retained 
them, I he difficulty dues not seem to me to lie in this, nor with the 

excretory organs, if we are justified in accepting the ..I 

argument that the siMalh'd Malpighian tidies may He Intorned iWsph- 
lhiia, ectodermal in origin, mid in knowledge of the existence of 
cndodenutil excretory divert ieula in the Amphipub, These facts 
would seeni to suggest that us uiir experience widens, dilfere lives of 
this kind w ill disappear. 
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As to the tracheal system, now adequately m'ogTiiscd by the 
upholders of the arachnid theory, tho presumed origin at tmdi™ 
from lung bookft, the pro) lability that the nmVhom organ of the 
Cheriietidie may be tracheal, the presence of trachea; in si simple form 
in tin! Acuri, and, lay way of an anomaly* in a highly ot*gam®ed form 
ii e i the libiiu of (he walking legs of the UuiTest men fl'hulutijpdwh are 
nil features to In- iHirne in mind. While I sun prepared to admit that 
thin wide structural range ami varied distribution of the ttftchco* less¬ 
ens their importance- as a criterion of nllinUy. I eon not ftroqG ns 
rancluaive the GYidtincc for Jibo assumed homology in'twecn lung lawks 
and gill*. And here it nmy be remarked that a series of paired 
abdominal vWn le*. recently found in tho.remarkaMeunu-hnid /ucne/mi, 
h vagi mite as n rule, but in one example everted* seized upon in 
defense of this homology, have not l*een so regarded by those mo&i 
competent to judge. 

Them remains the entosteruitc, an organ Upon which nincli empha¬ 
sis ln'-us Wn placed. Not only d om a similar organ eiisb apart from 
an endoplimguxal system* in J/um, f yeA?/**. sonic Ostmeudsuud l>eea- 
pcsi.s; but, regarding the question of its histology, it may W pointed, 
out Lhat from nil flint is at present known the structural differences 
hrUvccn these several entmteniJtc* do not exceed those between the 
ttwtitages of the Sepia hotly- And when it is found that the tigure* 
anddc^'riptionft of the eutostmiite of J fyg&k ("* Mygalesp*, 1 T " Mygal* 
oiuorpbouis Bpider/tfirt.) luive been tlirfro presented upside dow n, 
the reliability of this portion of ihe argument is lessened) to say the 
leoaL 

Recent observation Inis sought to clench the homology of the four 
posterior pairs of limbs of the King c rab and Scorpion* by appeal toa 
furrow on the fourth segment in the former, Mieved to denote an 
original division into two; but I hesitate to accept this until myedogi- 
cal proof Iuls k i en sought 

Uriiiniiug, amidst si* much that is problematic, to the sum ground 
of |>aleontnliHry* 1 wish to point nut that when all is considered ill 
favor of the arachnid theory there still remains another way of inter¬ 
preting the facte* 

In both Lmntlus and the Scorpion the first six of the eighteen seg¬ 
ments arc well known to be fused into a prosoura SHaring the limbs, 
but while In the Scorpion the remaining twelve are free, in 1,’mmlus 
they are united into a compact opi^thosnmul luusa. In dealing with 
the living urthni|Mid^. there is no character dctomiiiiative of positiort 
in the scale of thi* or that series more trustworthy than the antero¬ 
posterior fusion of segments* It has Ihth called the pnvess of 
u ccptudiaaLion*** and ihe degree of its backward extension furnishes 
the most reliable standard of highness or low ness in a given assc-ni- 


MORPHOLOGICAL WRTHOD A»l> RECENT PROGRESS fN ZOOLOGY, 606 

bhigd of forint In joivsiii^ from the lower to the higher (Jriisluccu, 
wo find tbi^ fusion increasing as wo ascend; tun.I ft therefore 
becomes necessary to i'mii|mrethe Scorpion with Lhe other Ameknidu, 
Limiting with the Enrypterida, in order tho Jitter in determine the 
IHisitioii of each in its respective series by the application of this 
rule. 

... tuber of segments present, variation L ti unit tor of >m&ll 

eoncorn, in vonridemtkm of the mode of origi n of segmentation and 
tin- w ide numerical range from seven in the Ostnicod* to more than 
sixty in A pus the segment* of the cnistamm drifts present. 

On the itnwhmdmi side, in the Snlifugie hut the third; and fourth 
.segment* are fused: the remaining four of the prosomal scries with 
the ten which remain are free. In Komcn m four of the pi-usc until seg¬ 
ments alone unite: the fifth and sixth with the rest arc free. And 
wdien we jjuss to the Liiiinloids citid the descending series of their 
allies, we find it distinctive of the Euryptoridn that a EL the npistho- 
>011 in I segments are free. If we ran trust these coin par Isons, we must 
conclude that tile Kurvpteridn of the jm.il. in rasped to their segmen¬ 
tation, simplify the Limuloid type, on lines similar to that on which 
the Solifugie and Krenenia simplify the Higher Arachnid and Seor- 
[iionid t>pe, and that therefore if the degree<if unterosposterior fusion 
of segments lavs the signilieanee attached to it, Lhnnlu# mid Saafph 
must eiti h stand at the summit of its respective series. If this be 
admitted, it has next to be asked if, in com ring them, we jnay not 
Em* comparing culm in a ling types, which might well In- isomorphic, 

The scorpions mv known fossil by two genera, and 

from the Silurian of Gotland and Lanarkshire, the Pont- 
laud I litis, and >o>w \ork State; while recent research. In the dLacov- 
cry of the genus .Vn% has traced the Enrypterida Uwk to the 
{ ambriun, leaving the scorpions far behind. One striking feature of 
the limbs of the Palwosmic Euryptcrids is their constantly recurring 
shortness ftB d uniformly segmented diameter, long known in S'timZ 
nw. mid less wnspienously in Ileiyyatti» itself, ratalned with devel¬ 
opment of spines in three of live known apja'iulnges of the recent I v 
described curyptorid giant Styfomnm. The minimum length vet 
observed for timae appendages is that of the Silurian sytodes Euryp- 
t,r«s /m&W, discovered hy Holm in Lussia in 18DS. This creature 
is one of the few eurypterids In which all the appendages are p t v- 
served, and it is the more strange, therefore, that the advocates of ilir 
arachnid theory should ignore it in their most recent accoimt. Allow 
ing for the sfiecialitafttion of its sixth pmsomal appendage for swim- 
uiing, tin* fifth in but little elongated; the second, third, and fourth 
are each In total length less, by far, than the transverse diameter of 
the proftitua, mid uniformly segmented, giving the appearance of 
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si nut mi tv [911 if, Thin smn to In- scvcu jointed, imd aw just such 
gppftndng* 1 * it 1 ’ exist in till" simpler i-rustiivcuii it nil liiirlitnlt 1 funiiH, 
and in the fact ilmt their atructlittil simplicity in correlated with the 
indepemli-iHO of the whole *etw* of opiatfausomal segments the; lend 
support to the argument for isomorphism. 

With this conclusion wo turn owe more o) the Scorpions, if |ht- 
ebance something ukiu to it may not lie in them furltu oming. I he 
Silurian genus /hfo'^/nmmw, esjwciidly ns represented l»y the tlotltmd 
specimen, reveals thatwi chimcter desired. Its laxly does nut appeal 

to be in nnv marked degree simpler than that of the living forms; but 
on turning to Its limb* we find I lie four interior |wiirs. in length 
much shorter than those of liny living s|iwH% all 1 ml imifiirtuh si g- 
menlcd. In this they approximate toward the condition of the limbs 
of the Eiirvptorktit }nst dismissed, mid their condition is such that hud 
they been' found fossil in the isolated state they would have hern 
described |i> the limbs of u .Myriapod, and not of u scorpion at ail. 
Indeed, their very details are what is required, since in the possesion 
of lt Mingle terminal claw they differ from the limb* of the recent scor¬ 
pions us do those of tbo Chilopod* from the hexapod* 

With this the doerpiouid type is (ut ried bnek. with a structural sim¬ 
plification indicative of a parallelism with tin-other arihro|m l groups; 
and while the facts do not prove (lie total iudcixmdonee of the scor¬ 
pion id and limuloid series they bring the latter into closer liarmtmy 
with tin' Kurvpteridii of the past. They prove tlutt the Silurian Seoi- 
pions simplify the existing Scm-pionid type on pmiisely the lines on 
which the Kiirypternla rimpllfj the Limuloid; and they do so in a 
limn nor which suggests thnt a distinction between the Gnutarr* »ra 
and the hto‘> (to include the Lurypterida and 

Xiphositiu) is the nearest expression of the truth, U becomes therein 
the more regrettable that in a recent revision of the taxonomy of the 

Limuloitb the generic name Gaiviw>#earp!m should have ... a 

pltttffl. 

I foresee the ohjeetion that the nntennifonn tfinditicm of the shorter 
may hi? aeuoiidury imd due tochungc. There U no pruof of this* 
Ai^iinsii it. it may I mi Hild that 11n." number of the segments i* normal, 
and that where nature eflWt> eaieh a change rUmgiitiim 3* with tbo 
multbrtieillate state the only prwe,Hs knnwzi; as T for eMiUliple, with 
the sceond leg of the Phryniilie, the go-called *4Msond paraiofftKi of the 
Folycurpidciu ftnd the last abdominal appendage of 

That itdraiiee* Mirh tus- wo have no w romidered should lead to new 
departure* m a necessity of the mse t and it hut round a* for me to 
mniml you that within the host deiiidc slatkticul and experimental 
methods Imve very pro]M fc rly come mure prominently into vugmxui the 
desire to solve tbs- problems Of vaiktkm and heredity* Of the Static 
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ficul method, hy no means new. J [save but rime to recall to you tin- 
presidentitil address of Isds by my friend and prctliNTHHor in thi> 
chair, hit)]self a pioneer: and of the experimental method | dm bul 
rite utt example, and that n nn.'.j sitisfuctotv one, justifying rmr con¬ 
fide Hue mid support. Jt eom-mp the lute Professor Miliic-Edwunl*, 
who in t*t>4- ilcsi-ritaal, from tho Pur is Museum, the hem I >f ti rock 
loli^ti't 1 iJ*tftnuni-'' jn-rtitvffiitri*) having on the left side mi ante uniform 
evcwtulk. With the perspicuity distinctive of his race, he argued in 
favor of the “fundamental similarity of purls susceptible to revert to 
their op|»ositc states,*’ The mailer ntuuiat-d at this till, on the 
removal of the oplit.luilmitc of err tain Crustacea, it was found that in 
regeneration it assume-a uiiinunmis mulriurticulntv form, and ii i- JM) 
interesting cireuiustimcc that in llir common crayfish the Mntijinufc 
condition normal t<i the miteiimjlc may fii-riir an example this of h 
fart whieh no other method could explain. 

When nil is said and done, however, it is to tin- morphological 
method tlml 1 Would apj>uul an most reliable and sound. And when 
we lire) (1) that in certain Compound Tunicate* tin atrial wall, in the 
*BE development He limit ml hy Jt pair of rctubWtic invagination*, i tl 
the hud development may tas formed from the parental emlodentiic 
brunch ini sue: 0!) lliut regenerated .nouns are hy no means derivative 
of the Ida sternum wh they originally an we; (3) that in the devel¬ 
opment of a familiar starfish the inner cells of the earliest segitjrnta- 

tion stage*. by mtencwlathin ..my; the outer, contribute half the full i 

formed hlastulii; (4) I hat there anj jiiptera iri existence in whieh. while 
it is well nigh impossible to diseriinitiate between the adult forms, 
there is reason to taliove the pupa macs are markedly and constantly 
distitirt, it Incomes only too evident Hint the Inter embryonic and 
adult states are those most reliable for all purposes of comparison, 
and t Ei nt it is by these that our an it mils can l>e*l ho known and judged! 
Caution is, however, necessary with senility and age, alnce certain 
skulls have Imu found to assume at this period character* and pro- 
jH.irtlons strikingly abnormal, and hy virtue of the most important 
discovery, which we owe to the Japanese, that in certain Ilolothu- 
rinas the calcareous skeletal deposit* may so change with age ns to 
render sjtteilic diagnoses liused on their presumed i m mutability 
invalid. Ail van re. real and pidgressive. is in no department .if 
zoological tni|uiry lietlor marked limit comparative morphology. and 
it is for the preeminence of this that 1 would plead. Educational tv, 
it affords a mental discipline second to none, 

\\ e live by ideas, we advance hy a knowledge of fnets, content to 
discover the meaning of [ then omen u, since the nature of things will 
lie forever beyond our grasp. 

And now my task ia done, except that I feel that we must not leave 
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this pbiw without » word of sympathy and respect for the memory of 
oni . of its s<ms* an wmiest devotee to our cause- William Thompson, 

}H»rn in Belfast. iSl*L ben. in due limn known as "thi* father of 

Irish natural fcbtory." By his writings ou the Irish fauna, aiul Ins 
numerous additions to its lists, h. secured f*.r himself a lasting fame. 
In his desire to lane lit others, he early assoeiated himself with the 
work of the Natural History Society, which still flourishes in this city. 
Hr was president of this section in mH. nnd died in London in 
while in the service of our association, in Ins forty-seventh .ow, 
hehmsi by all who knew him. His memory still survives? nnd if, atf 
a result of this meeting, we van Inspire in the members of the Nalutnl 
History and Philosophic Society of this city, as it is now to rim si. and 
of its Naturalists' Field Club, an enthusiasm equal to his, we shall not 
bavr siskin bind in vain. 


COKAL/' 


»y Dr. f/ijuxH liiiri.K. 

Frufamt <11 tht I'mrtTMifjf „/ 7Wou*. Fniaet, 


U.1I Mus licaatifiil material whose color U *, vivid and m, , lU re 
eror ajgun mmc mlo fashion' I| has fnTlou into complete dU,mlit’ 
fla^ily 'uppkntrd by common jdaMjewelry anti cheap pcwfe, V et there 
are sypi* of its return. 1 N ' u 

Itpfrni^d and appreciated in ancient times, it was known m 1,, 

dredged from the depth* of the sea. whenre it . .n-d f n the form ( >f 

Imn . jirbonoKcut masse* like petrified bnmche*. thm. m in ,hj! 
erode state showed color and bloom, it mwah*, known that it iv»s 
renewed hy grow,I, for after sevenil years it eouid be <J»Z 
fleet, h i.Iiuv that had previously been mkeil and worked, 

T *Tn T TOWi t0 ,l,ilL il ' vns * t«R- >, neiaf 
JTJ that grew at tbehotfotf of thes.ii. It was cLeli 

J ! other linn# form* of dtvemc characters: Goigoufoa, Antipathe* 
Madrepore*. rnn.ms algui encrusted with ealrnreoit* matter. :i „!l (h,^ 

' of natuo* were termed lithophyto* ” lt name 

thatjuA-umte y expressed the prevailing ideas cm uxmhg their nature 

, m • T ! nl t r whl f,,r * citl,w ■" ornaments eras curloeUlS’ 

U eoiltl V\IIH [»V fsir fhr IliOstVltluOlL f[$ punHbh tint T# L , I 

the Juater ami Hbl, which it readily look on, gave it Un'preeminent' 
An ftalntn, Murngli' who \m\ !^ n driven U .uJjnLi t ’ 
«*•«— - W. und l" 

3* lllC !' f ' nl natim ‘ <’ r ««»»• Their observations, though ueeumte 
and .^gaciou*. were so «t variance with the belief* of that period that 
Ueammir to whom they were submitted, would not am pt them and 
!' Ih ' hnntalde to advise tbeir authors to tie more eimunsneet 
±?"“ ht * . .* — 1 either n Mom. no! * S® 

''Trmneiated * anther’ll jmtnUon from U Nature, J- rtri ,, So. IMS!, i Jir i| 2 ii, )m 
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Tbeir studies, .specially thoea »f Peyswud, h-d ... t" u 

!1S an animal. Having taken com! recently gathered, iln-y ymt it in * 
basin willi mu water ami examined it with cure. I!u ' lir 

vent Siam- ivfls .*>vered with a softer flesh, likewise colored red, iimi on 
that flesh were living numerous animnl. oh. provided with mov«me 
Unt ieU- These creatures really forn.td n pert of the flesh winch 
enHbMthee the stone, producing it is the organism of many .um»»is 
ppxlQet the mlncnil Milwtanec of their shell or their skeleton 1 'eys- 
eonel itaw Erected oBe of the most serious terrors of natural history. 
lie not only placed in its true position an import™ t «-* "™ 
(WbdRi. hut also eorrecfcd a mistaken view which had led to t* iixh 
in the wrong lield for connecting links Irtrom thetwogteat kmgdo.o> 

'' ^Tl i !-se'i eves t i gilt ions were so searching u t,d thorough ihnt an entire 
eenturv jmssed before mueh was added to ibis hseovOJ. I ™ 
idmut the middle of the last century that our knowledge of <»Ri1 was 
increased hy new acquisition, derived frmu the inte nt 
studies Of an eminent French zoologist. II. * U***-l **«/>, * 
bae just left us after a life devoted wholly to science. 1 1 that t 

^ Tta^mTSh^is n^hing less than till skeleton p.^havd by«S«uto 
animals. and serving for tin ir wuppml. Thanks to it they lift tla - 
„dVte above the rock to watch this skeleton u aitacli-sl. and maintain 
themselves erect in the water which surrounds them- I Ins ^.deton 
^ ts.ivsceiiL and its tree like appeurw' 1 gave rise to the,in, i* 
error eoiieorniug its nature. U hm a trunk feud on 
and knotted brunches that extend in every direction- ^ 

„.l feet in WgM nn.l *• IT 7“^ 

W I,.If « inch ,r „K,r,. M tnmk »nJ M *f ! ™ 

ovcr it . surface, some millimeter* apart, arranged Without any 
apparent order, mumulu similar to nmh other, having lhr siruetuii 

SLm. .be m "f .-'.VI- '-r *. b r sst: 

etd an o', thicken, and unite, forming hy this union u^ttlmt «.r 
rmi.nL the skeleton like a sheath, enveloping it wholly, WtawiUfe aH 
it, branches and nodosity. Together with the polyt* tins is M 
living and ffashy portion, the -sareosome of'he 
internal surface is . lonely applied to the stony skeleton to wlm 
gives origin; it produces it and continually secretes new layers 
addil ion to those already existing. These lay ere are made of calcareous 
matter colored red by a s^eial substance; (lie sareosotne -^ete- 
them tis Lbe mantle of ft molliiak prodm^a the fthcll tliiit protect* 
animal* 

The structure of each polyp i> very simpk% It i* from r J . to 4 mm + 
in height and 2 to % nun. in diameter. Withdrawing at the alighted 
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FlO. 1. FRAGMEN r OF COftAL COLONS, PqltPs Ofehed* 
Showing MOytH *H0 Tentacles. 



Fk>. 2 ~a Polyp of Coral Eafelliko Larulc. 
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alarm and folding itself up with the greatest ease, «» us in }** *1m rwt 
indisrijigujsbtibl.' fwm the suitxwmne, It then shows on the atirface 
<*nlv sis a 'light, Tardy viable, nipple-like projection. When expanded 
il bears ut iU summit eight delicate tentacle*. with fringed tenders, 
that tan be moved about in every direction. The hody'iteelf, cylin¬ 
drical in form, consist* only of a dfdimte, transparent wall surround¬ 
ing rt "laiwtw cavity, divided into compartment* by eight vertical 
septa. This internal -nr opens externally l»v a month in the middle of 
the <p*i«e surrounded by the tentacles; at the other extremity it is 
prolonged a* a cm rial that extends into the suivosouiv. ramifies there, 

am! imit<a< with similar branches that originate fro.. 

polyp*. All intercutnnnuuodo by means of these canals. The entire 
assemblage is a colony, a polyp community in which each individual 
i-> joint'.stock owner. Not only does their common skeleton sustain 
them nil alike, the food seined by the tentacles of one dues not nourish 
him alone, hr shares it with his neighbor*. They subsist upon small 
creatures which arc digested and rendered assimilable in the interior 
cuvlty of the body. Thu jwtyps ul totally produce eggs u]JOU the thin 
s( |>ta which divide this interior cavity. After fecundation is aevom- 
plished these eggs go oti to develop without leaving the cavity, fierain- 
iug free-swimming larva* resembling microscopic worms whose surface 
is covered with vibmtile cilia. These embryo* swim about in the 
tuutcmnl cavity, finally pus* out of the mouth, abandon their dnguliir 
shellcr. mid wander forth at random. These i icings an* of such 
elementary structure that um* organ ja'rforms all their functions. 

Many of these lutra* aiv pursued, *cm*d. and eaten by marine crea 
turcs stronger thun they. Those which escapo fix themselves. after a 
|*'riod of vagabond existence, to a rock or a shell and there become 
iModified into polyp-, growing external tentacles and internal septa. 

I him each polyp, far front remaining solitary, produces at its I use 
expwwiun* nr buds which increase, develop, and in tutu become 
pdyps. I his budding gives rise to a young colon v, a* vet minute and 
spread out over it- support. The little sartixsolti.'then'comm irncs to 
display its peculiar activity. It forms by secretion an outline of a 
calcareous skeleton, which il attaches to the supp>n and conslaiitly 
enlarges by the addition of new layers. On this it erects itself as on 
a priiliilii-ntrice, J Iji* colony continues to bud. the saivosijiui* to 
increase and Co deposit new calcareous mutter. The skeleton enlarges, 
elongates, and cash paths itself with saroogemtu, which institutes for it 
um axis of support, this term being often used to designate it. It 
mtn’ihes. He* polyp community thus arises; it constant h increase* 
U.id H derives ,ts origin from tbn minute larva engendered bv one of 
the polyps of a neigh Wing .. 
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(.'oral is t Illi.' Lin! product of an animal ustw-iiitioti. .It is not the 
only one; other inferior creatures belonging to the fins- of polyps 
sustain and protect theiiiudves by means of ladcnrootis nnb or envel¬ 
opes produced in the same wuy. This is, liowrvcl', ■me of the most 
characteristic and Inst known. Us Ijlstorv. save sonic variation* of 
slight importance, applies to an entire group, and its principal interest 
depends upon tin- entrust between the weakness of tin; polyps and the 
great size of the polyp community. Then 1 , as everywhere, union is 
strength. The isolated individual counts for but little, hut association 
Eind iniLtnal aid produce great results. Jlan often might search in 
nature, even among tin* must minute I icings, for rules for his conduct. 
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JW* ago !>r. Sheldon Jackson brought hi* lirsr herd of it; 
reindeer across Bering Stmir from Siberia and started hi* reindeer 
rduny at olf the Weak coasl of Alaska. Many then smiled 

id the experiment and declared hi- plan for storking the great tou-rens 
of norlhwestern Alaska with thoi,*mds of the animals which for cor. 
tunes hud l#en indispensable to the natives of Inland m , r | Silwriu 
was nnpraeticahle nnd wasteful nf time and good money. Rut the 

. prnspem] from the very first. Other reindeer, mm.lier- 

irutj nearly L* 11111 in all, during tie succeeding years were la-ought over 
from Si fM't ia. To-day them are nearly <i,<H h i head in the various herds 
distributed along the Alaskan roast from Point Harrow to Let lie! 
The existence of the 80,0m natives of northwestern Alaska, as well as 
the siua-eaiof the miners who am la ginning to throng into the interior 
<d the 1 erritory ia the far north, are dependent upon these domes tie 
reindeer; their rlotting, their food. their transportation, their uten¬ 
sils, and their shelter are all furnished them by the reindeer. 

1 he reindeer enterprise is no longer tm experiment, although still in 
it- infancy. Them are 400,OUO square miles of barren tundra in 
Alaska where no horse, cow, sheep, or goat ntn litid pasture: but 
everywhere or. this vast expanse nf frozen land the reindeer cat. find 
(he long, fibrous, white line-, which U his food. There is ph-ntv or 
mum for In,ikhj.ih.Ni of these hardy animals. The time U comtie r 
when Alaska will have great reindeer ranches like the great ml tie 
ranchos of the Southwest, and they wilt hi no Jess profitable. 

Tin- stoty of the inception and growth of the reindeer enterprise in 
Alask a m very interesting mid is not genera lly known. During an 

ftwm the Nmi. I Geographic Hi^udno, VoL XIAV 
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extended trip of inspection of the missionary stations mid Government 
schoob in Alaska in llio smnmiT of l«UO, ‘ Dr. Sheldon Jackson was 
impressed will* the* fort that the native* in arctic Rad sulwretic Alaska 
were rapidly losing the sources of tbftir food supply. - hich. year the 
wlMiles were going further and further north, Imyond the nan:It of the 
natives, who had no steamships in which to pursue them; the walrus, 
which formerly had lawn seen in herds of thousands, wen* disappear¬ 
ing; the seals went becoming i-xlermiimted, and in winter the Eskimo 
had to tramp l.V to 2ti miles out on tim ice before he could catch one. 
The modern hunter, with his steam launches imd rapid-fire guns, hud 
found the wliah's. walrus, and seals such easy prey I hat he was ruth¬ 
lessly destroying them. Also the w ild (iu 4 ixni„ that the native had 
easily captured I adore, had been frightened away and was rarely seen, 
Sot only whs the Eskimo I using ids food, hut what in an arctic cli¬ 
mate? is no less important, his clothing as well. I lie wlutlelnute. the 
ivorv tusks of the walrus, the soul skin, and the oil had given him 
means of barter with the Sihoriau traders across the strait, from whom 
he obtained reindeer skins to keep I dm warm in winter. 

Dr. Jackson saw that unless something was done lit once the United 
States WOttld have to choose Is,'tween feeding the ifo.oiHi mid move 
native- or letting them starve to death. The latter course was hnpos- 
Hible, the former rather expensive, as supplies would lrnve to be earned 
some 8,(X«» miles . . Seattle, The more cnterpmtiig Silwrkm, liv¬ 

ing on the opposite side of the strait under pnu tiCttlly the -nine condi¬ 
tions of untie cold, got along very nicely, as he had great herd* i*f 
domestic reindeer to fall litu'k 14100 wbon game was scarce. The muno 
iiio-s which covered so many thousand- of miles of the plains of arctic 
Siberia was seen everywhere in Alaska, The tame reindeer of Siberia 

WO* practically the,-time uni 1 as the wild caribou of Alaska, changed 

Iff I NE- iojr dutu<knitted f<ip i riitiirii!'. Cmdd not tht' Kskimw I>t b imidfi 
^If-snpparting by giving him reiudcGi? herds of Wm own! 

On bis n iui ii r*t the UnitHl Htete*in the winter of 1B!U Dr* Sheldon 
Jackson, In his report to Congress* linked for am appropria¬ 

tion to provide tbv money for importing n tew deer. Congress was 
not couvsiic’ihI of the wisdom of *mh art ion. but so vend private per- 
sons were sti interested thut they placed #2 f (WN> nt I)r. JaukijonVi ili,s- 
poahl to begin Hie experiment. TUe first devr were brought over that 
year. It was not long* however, before the Government realized the 
importance of the movement* and in l him appropriated the of 

*Ih\ BlteUfab JjtekiHiii aims vL 4 iwl Alnuka In ]K 7 T r hi tlw ill Surer t uf H-liiMtle anrl 
tnk^Qdin- Ilf tnide a «iotnl liip in 1*71+. < M \wr visile MIhwhI, mu\ fSim.’O Ilia 

4iiiniiin'iii us h prm nU apdit uf udtii^ailuii in Alaska ill lffijtfi hr hm ftiide uumiiil 
vi*ibs tu Uiu Territory. 




StfutnwHiin ft import, 1®DJ — Gmar^ryffr 



He^d or FtEiHoe^ii Gro&swg a ftivcR in Snjcnu. 
Friib n Tdiertiifrnipii i,y ru\vl KbydmOT IT. W. ie. r. . 
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(8,(100 to continue the work. toiler tin* appropriation vfas ihcmia'ed, 
mid during fchp Inst several years has Amounted to& 5 t tiOM annually." 

The Siberians were itt fir.st unwilling to jiart with any of their rein¬ 
deer. They were supemitioiu* and, above all, ufmid of competition 
and kirss of trade ncroas the strait* In IBW1 1 Apt M. A. H roily, Bevcnue- 
Cufcter Servii e* eonumudiiig the I\ S. S. JB/'/m, was instructs! to 
rsitivey Dr* Sbtldon Jackson to Siberia fold furnish him every possible 
facility for the purchase and iiAnsportatfoii of reindeer from Silieriu 
to Alaska* 

In earrying out these iiistrinimns Captain 1 tealy was obliged to sail 
from village to village for 450 ft miles ntong the Siberian coast before 
he found nn owner willing to barter his reindeer for American goods. 
None would sell tile deer for ensB* Of recent year* the Sil^-riaiiH 
have been hut little less reluctant to part with their des i\ ijutugli they 
eoiihl easily spare many lliourtitul;- from their vnst herds without 
knowing H* 

11 in first deer brought over were from the 1'hukche* herds a tough 
and hardy breed* Two yearn ago Lieu tenant Bertholf, Revenue - 
Cutter Sendee. wusenmiiiissitmud logotoSilieriu mid to pit relmse some 
of the Tnngnse Mock, which are huger, stronger, anti sturdier. Sturt 
ing from St, Toteraburg, after a long journey across Si her in. much of 
it by sled, lie succeeded in purchasing ncveral hundred Tiiugu.se rein¬ 
deer near Ola, hired a steamer* emharked the ivind.’ nt Ola with 

%S 0 t i bag* of reindeer imm ami finally landed SU 0 of the animals in 
good condition at Port Clarence* I I is esjwudem-es during hi* nuuark- 
able journov Were most interest mg t imd are admirably described in 
his rejiort to Dr. Sheldon Jackson* published in 1802 / 


rJ t 'nnjrn^^nal Apfimpriatioitf for l int mtnnJiiethm into Alankji of «louie~lie rein- 
dii-r from «n- as fuUnws: 


1804 .... 
ietfi_ 

I«Hlr ___. 

I«,„- 


., WJ.CKK' 

7 Mki 

H«tL .. 

.. i«0 

,* r T J500 

______ 

isioa. 

25.000 

.. I^.IXNI 

. . ..... 

.. 2-^000 

.. jlXoOl 

Total.*.. 



Lenim-rH intrusts the zeniTwI rlinive of ilu* tier!; to the Bureau of IvlmiMitm, of 
wliii-h Dr. WiltEwti T- Hards U the dirtirij’iiithml head; the formulation ef gluoft and 
tli. Lr .’irrtitiim m Eutrustei3 lo Pr £bd<lon 'Torkeim* g&nenit n#enf of inhibition in 
AluikEU l>r T llurre. in his nuniul n*j>ort> V tVrtign*H p hrt * vi^HUU^y iirtfed the 
imprtfmre of the work, ami u* him i mUt w dm for a law *bam of its siiiKinSL 
Cap. M. A. Jlealy. amJ tile many oifiratt of lli v Kftv<-niiti-Cii I |erJwr vf n.% wlio^ i fetti-li 
have, year after yeor, nurim 3 the agents cif the Jhiretni leek ami furl hand hmnphi the 
reindeer tmm silM-ria without «fciar^ have also i-ontribated to tin- auecw of the 
reindeer eTUerfirbe. 

* iJ l{ejwrt hoi the InlriM I notion ef IXinte^iic Rdlblmf Into Akarku/" Uy Sheldon 
Jin’kiHm h LL. IX p rrtii. ApiH’ntlis, Kx|HjditJeii tn> ^Iberia, rejicart cjf Limt K. IX 
Berthuli itevenafr-Cmter Sardctv 1 B 0 - 168 . 
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TUB ESKIMO AS It Kit I >K1:*. 

With careful training- the Eskimo make excellent hetdcrs. They 

an* by nature good imitator*, ..gh nut inventive, mid readily hami 

liow to take tun* of the reindeer, to throw the hi<*>, to harness mid 
-irivr the deer, and to watch the fawns. Siberian herders wen) at 
Hist imported to leach them, mid later the more intelligent and effi- 
eient L;i plunder-. who have teamed l»v centuries of cx|ierkwtoj^rr 
to the breeding of reindeer the wire that wo give to the breeding of 
rattle. In the winter of ISUS sixty-tim e Laplanders and their fluid- 
lies volunteered to go to Alaska, the ('rilled Stales (roverument pav¬ 
ing the expenses of their long journey of Iojhio miles. When their 
tenu of enlistment expired some reenlisted, some of them went home 
again, lait the majority turned miners. Everyone will lie ghnl to 

know that at least (wo-thirds of the ... made fortunes in 

the t 'ape Noun? gold Helds. 

The reindeer herders have to be watchful. Now and then reckless 
miners try to plunder the herds, or by their cur Hi wsncss set tin* to the 
moss. A tire will sweep over the moss barrens, licking up every fiber 
of the muss, us It sweep* over our western prairie*. A muss Hiv is 
even mure destructive, for many years pa» before the moss will grow* 
again. 

Al the end of a years service the I i me rumen I makes a gift to 
deserving herders of (wo or.re reindeer. 


llWNDKRn lUIStMU AS AX INPLSTRY, 

When one considers that raising reindeer in Alaska is simple and 
the protits enormous, one is surprised that ns vet no one has real I v 
gma- into ific reindeer business, especially at Nome, where a rich 
murk-et invnits t!u j r«induiT fkrjUGr. 

A fawn during the first four years rusts the owner less than a 
year. At lint end of the four years it will bring at the mine- from 
*10o fa,- ns meat, or if trained to the sled or for the puck h 
easily worth fltki to fllfiO. ? 

The fawns arc very healthy and hut few die. The doe* are prolific, 
and after they me g years of age mid a fawn to the herd each veur 
for ton years. Last year, out of 50 does veins and more of age in 
one herd, 4* had fawns, and of these only five died, three of which 
am* lust through Iiceidotrt* nr by the vatelcawies* of the herder. 

, rob^wriiroso gregio ioiwtuid timid thm one herder mn rnrilv 
guaid IJNMi h«ul. The herder knows that if n few stray off kni^l 

nut look for them, as limy will soon liecm- frightened and rejoin the 
main uonl, 

"• tl«- Ml, g,.|,IL.jp, 

though they am slightly smaller and lea* enduring. 


ifnilbiiwimi SpOjL—Grw4vi*rvii Pi.ATE IH. 
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Fb0, Resnqcer oh th£ Siberi an Blach. Hobbled, Waiting to *il U(ja.mo 

0« THE BfcAR FOR tflAHSPORTATION TO Alaska. 

Fn«m tt (rfiatovmph by IL. X, nnwteT, >£. It. 
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Tho t inikrhcs deer co*t In Siberia uWit fi a kisad for a full-grown 
doe or bull. The fawns born in Alaska nr*- linger a ml heavier than 
the parent stock. Tl«- Tunguse deer nt-i nearly £7,50 apiece. Bv 
the addition of the Tunguae breed it |* hoped that the Alaska stock 
will !«■ improved and toughened. 

The reindeer cow gives uWit one teueupful of very rich milk, nearly 
iL-- thick as the heel cream, ami making delirious cheese. Mixed with 
n little water, the milk forms a refreshing drink. The fiibtfruins and 
I-'iplaadere save the blood of slaughtered deer and serve it in ]K>wdcml 
form. From tin* sinews tough thread Is obtained. 

UKINllKKlJ KXPttKSK. 

The Alaskan reindeer «in bnrdlv oqua) the speed of the l^tphtial 
deer, which Paul l>u ('liailltPjejienW'S is making from 150 (<■ gnu 
miles a day, and sometimes gil to 25 miles down hill in it single hour. 
A iwttr of them cun pull u load of ."inn to 7nu pound* Sl1 the rate r>f xr* 
mile> a day and keep it up weeks at a titnr. \V. A. Kj ell maim drove 
his reindeer express one winter Po miles in a single day. 

Ill the winter of 1S!H> and lfo mi, Mween St. Miehacltmd Kotzebue, 
under the Arctic Circle, mid between Eaton and Nome, Alaska, and 
in the winter of ltMd and imii. Iietwnn Nome and Caudle, on the 
Arctic Ocean, the I nited .Slates mail* were carried with reindeer 
tennis. * Upon the latter route the teams hud heavy loads of passen¬ 
ger* and freight and made the distance j n eight days. Dog team* 
would have required fifteen to twenty days for the trip. 

The reindeer ran travel nt night as well as in the daylight, and thus 
during the long arctic night, when dogs are inefficient, transportation 
is always possible with a reindeer team. 

The reindeer make good packers in su mm er. One hundred mid 
iifty ]x>unds is a fair load, fiicy also ■ -:iti Ic ridden in the saddle, but 
not witli much com fort until the rider learns how to adjust himself. 
In the Tuuguse country the natives use their deer in summer as we 
would a mule or horse. It is no uncommon sight to sec a Titngtise 
trotting along the shore dee Hack. 

Lieutenant I ha t half describes the caravan* uf reindeer sleds in 
northeastern Siberia. Oyer I.inU dak leave Ola during the winter 
hi cam vans of a Wit [nil each. A caravan of |imi deds is maiiuged bv 
|o men. Some years ago the Ru-sian tiuvernment need horse* on tin* 
mm van route from I Ha to the Koliiua River, but recently substituted 
reindeer, and now save* $+a>jnm yearly hy the change. 

■' "The I juhI the Ijsuj.' Xicht,” Paul Hu ChalHn. Chiidw Scribner's Sous. 
I'lsiuo- (lir jilia.ee was u riiH’iL flu-1 iiiii.l Stat.v ■ li.vcrriHient low p*iven u imjimcl 
*" ^ r - ®* of Point Barrow, Alaska, in carry the winter mail between 

k> ilwl.iii" oiul Ikire.u a iih ivLinhvr s-ainf. This is tin* must northern mail mule 
liy laud in ih« world. 
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Jin* illustration, Figure ik PL \ L shows ih^ leaders of Lieutenant 
Bertholf x jwirty breaking a path through snow that reached! i<> the 
licllv of the deer A strung wiry deer, unmounts!, was driven tir.^U 
In the deep snow he could advainte otily by jumps but his leaps broke 
the way somewhat for the next few deer, who were also umjioiinf^L 
After it dozen or more unutnuidvd deer bad passed by, deer ridden by 
a Iwv mid girl broke the path still further until deer with heavy 
loads could paaa, Lieutenant Lertbolf ill this* way broke his path for 
]<;n miles ih rough the deep snow. 

W heu the caravan halts the doer are turned out to pasture tin tethered 
and allihwid to wander a* (hey will. The driver use* a switch to teudi 
up the slothful. I nit ^ sonic of the old deer do not seem to mind u 
switch any more than doe* mi army mule/' 

I he illustration. Flute XI, shows a tiUltihfu’ of reindeer digging up 
the snow with their powerful hoof* to get at the tmw* t»"iieath the 
suow\ A* soon u* spring mnns the deer akindon* his diet of moss, 
whieh tJCems tn lie tuned: nutritive hi winter, for willow sprout*, green 
grass and mushrooms, The hoof of the reindeer is tvs wide m that of 
11 gWHl-Bi»ed steer and prevents Itim front settling down into damp 
snow or miry soil. 


nr.ixoKKR upasuo m tiik imvpRXMHxT. 

Ihe 1 riitcd Shite* fiftvemnient loan* a certain number of the vein- 
dwv to the mission statimi*. or to individuals who have shown their 
ability, reserving the right, after three or fir* yntr*, of railing upon 
the mission station or (he individual for the same number of deer as 
wmpnrad the original herd loaned* In iffli the G>ngreguijonul mis- 
hioii at Cape Prince of Wale* was granted the loan of 1,0h deer. The 
mission ha* slam paid hark the loan, and now in it* own 

right I + iN)0 Lead. 

A few of tin* herds notably that at tape Prince of Wales, have 
grown so large that the owners are able to kill oJf some of the extra 
iiniles for food for the families of the herders ami to sell others in the 
Iiutehers in the neighhoriiig mining rump*. Lust veal deer for slaugh¬ 
ter brought ut sonic of the mining vamps from to each, while 
for male deer framed to harness miners gave as much us SI50 apiece* 
Hie herders itl this same station earned Inst winter $firH)jn gold for 
freighting with their reindeer to the mining (limps. The deer wi re 
worked in ihudde trace harness like horses, and hauled on sleds 75,W> 
jNkinids each. 

f>f the t)u individual owner* of domestic reindeer in Alaska to-day 
44 are Lskimo. Most of them have served a five-year apprenticeship, 
find having earned their deer are competent to care for them. 

Ka*h ow ner has hi* own individual mark, which is branded cm the 
bdt or right ear of each of his deer. 
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ncpuiETAXc'i: i>k hkikueeie in \ n smon stations 

The Burntu of Education hopes dm! in lime each mission station will 
[KVi^nss it bint of at lout n.Mtm head. A Ifimlwr herd at a mission 
station in urvtie or Htiimnlii' Alaska iiioaih. says Dr. Jackson: 

First. The nermnneiici* of the mission. Without it tin* natives 
me away from home a target' portion of the year in search of food, 
ami. shorn the advent of the miners, are inclined to leave their homes 
and congregate in the American village- at the mines, where they live 
lyr liegging itntl immorality mid soon dtaappmr from the fare of the 
earth. 

'‘Second, li affords the missionary the opportunitv of rewarding 
and ft neon raging those families that give evident of Wing teachable 
by establishing them in the reindeer industry, and thus greatly pro¬ 
moting their material iritt'vests, 

”1 hind. \\ ith tiu- i nr lease of die herd it liccoines a source of revo- 
rme through the sale of the surplus males at remunerative prices to 

the miners and butchers. In a few years this .deni 1.1 he nuf- 

lieiont to entirely supporl tin* mission and thereby relieve tin* treasury 
of the rent ml missionary society. 

“Fourth. TlirjKissessi.ai of a herd insures to the mission family 
a continuous .supply of fresh meat This, to a family whieh is roni- 
P'dled to live largely ujk.ii salted and canned meats and canned vege¬ 
tal, loa, in of no small Ixmclit, promoting their comfort, health, and 
usefulness. 

i'itth. Reindeer t minis I )o harness and -ted* greullv increase the 
rtlii'ii'iiey amt the comfort of |ln< missioiisirv in tn hi isle ring to nutlving 
native settlements.” 


HKINOKiai fliOM I.Xl'I.VMi. 

I he vast majority of the American people have an idea that the 
reindeer i*X[icr intent in Alaska proved a fail lire tong ago, simple 
because of tla< widely advertised attempt in |n!IS. 

In Decent ta*r, Is!. 7 , rumors wen* started dad American miners in 
the Yukon Valley were in danger of starvation. Congress appropri¬ 
ated a large sum fur their relief, and eommis-iotu'd ] )r. Sheldon Jaek- 
«<ni to go to Norway and Sweden to purehase BOO reindeer broken to 
the iiamess, with sleds, harness, and drivers, for hauling supplies from 
the head of Lynn Canal to the destitute miners, I.nun miles away. 

Dr. Jackson reached Hosekop, I .upland, in January , purchased 
t mined deer, gathered tJB Lapp drivers with their families, embarked 
them all on one ship, ami sailed for New York from Trondlijcm Feb¬ 
ruary 4 . Duly one deer died on the voyage of twenty*-four <lavs, 
I hough I he trip was a most tempc-tumi* one. and the deer in jams on 
the dock were drenched day and night by the sens that broke over 
them. At New ^ork sjierlal I rains met the exjiedilior and ntttied 
them across the continent to Si-at tie without the loss of a single deer. 
Then the trend lies began. The supply of moss In ought from Norway 
Imwiine exlwusted, and thedeer did not like the grass of Seattle. There 
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was delay in securinga vessel to tnmsp.it tin* expedition to the head 
of Lynn Canal, and further delay* at Lynn Cmml and no i«« to bn 

found there- ,, . . 

Niurly 300 of the reindeer died of starvation after rtwrbmg .. . 

of Alaska, because of the failure of tin* (iovernmcnt to have ready 

suitable arrangements for pu-thiug the herd ..the wiwhore to the 

moss fields at the head of Chilfcnt Itivet. JKi miles distant. I he remain 

jug SOO t weakened by starvation, were driven to the Yukon \ alley by 
easv stairs and the relief expedition wan atiuiidonwl, but, fortunately, 
not before the country had learned that the miners iti the Yukon hud 
abundant supplies and that the relief expedition bad been unnecessary. 
The Laplanders who hud been brought over were distributed among 
the reindeer stations and employed to tear 1 1 the natives, 

This expedition to Lapland was in no way connected with the gUtt- 

era I plan of introdmiing ... reindeer into Alaska, The reindeer 

procured by It were all geldings trained to harness, I he ..(leer fur 

breeding purposes have all l»en brought from Si! erin, 

, t ,;l.lK> Of IV] [A I.KltS AT If INI r.AliHOW. 

The lirst forcible reaHantiim of the wisdom of tlie Government in 
stationing reindeer herds in Alaska came to the American people in 

the winter of im vs. In the fall of VM word was ... that 

vight winding ships hud Irri imprisoned in the tec near Point Harrow, 
«inl that the 4°" American seamen alami'd were stranded without fowl 
for the long winter till the ice should open in duly. So vessel of 

relief could get within .. ile* of the party. »r nearer than Denver 

is to Heston, There was no known method by Which pnxrtsiOBM eould 
Ih- dragged overland. If I he Government Iwd not five years liefore 
commenced the introduction of the reindeer, most of these 4**1 men 
would have starved to death More help HjUibcd them, Fortunately, 
theiv were large herds of reindeer at Cape Some and nl ( ape Rodney, 
over 1,1 MUt miles by land from Point Harrow, or farther than (flihitgO 

is from New York. The Government hurried the revt.je-c utter Itttte" 

north from Seattle, carrying three brave volunteers—Lieut, Ihivid H- 
.larvis. Lieut. Klbwotth I*, iSerthoLf, and I>r. Stuniud A. < all. The 
three men were landed December Hi. Is!l7.ut < "ape Vancouver, obtained 
some dog team.' frofll the natives, and com me maul their dreary joiirm'j 
of 2,00b miles through 1 heaivlic night tu Point Borrow. They collected 
about 450 reindeer from the herds at Rodney and Sonic, and llieti. w ith 
mudeer instead of dog sleds, and wil.li Mr. W. 1. l.opji. agent of the 
American Missionary Society at 1 'ape prince of Wales, and C barley 

spur twenty yearn tins itmanuu-entter Btat bus been «nt*ctged in Am it- work. It 
tin# saved lli* tins <■( lanulied* nl wrecked whalers, and euiilrilaiUs! motv mihe 
cotniort and -nitty «[ the witleuieotif bIh.uk the AUbu osi*t thuu any v«*el 111 thB 

M?rvitT. 
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Fjej. 1. TraVEUNG De£R@aCK THROUGH DEEP $NOW, 
FNiNi ik gilNtfi ip;Tri [ill by II l 1 . JtrrUm]l'. 



Fig. a.— UEuT£manf Sertholf Mounted on Reinoeer. Showing 
THE ABI.LITV OF TH1= RElNDEEPt TO OfiflY 2 VO POUNDS. 
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Arisarlook* tl unlive* and several herders, they pushed mi through 
the stonily uml bitter void of mi arctic winter* driving the deer liefore 
tkmu After a journey of three incmthn end twelve days, im March 
[NUN, they niched (lie destitute w halers* just in Lime to save them 
from great muttering mid death. 

In heroism* pluck. and cudnhLiuc the journey of these men baa 
nuroJy been equaled. CbfigTtw voted its thanks Lo the gallant res¬ 
ellers and awarded them special medals of honor. hut in the extate- 
mciit armisvd throughout the country by the rapid Htieeexsion of events 
of tho Spanish-American war their work wtis almost unnoticed. 

Sbue that time n reindeer herd has hoen kepi at Point Harrow* so 
there is no longer danger of iec-imprisnnod whaled ] ►cribbing from 
starvation, The experience uUo showed the faithfulness tif thb> 
Eskimo, Mr, Ixvpp had left his wife nt the station, the only white 
person among 400 natives, hut during his oWine of nearly five 
months edm received nothing but constant courtesy ami kind mitts from 
them, 

HKVKEjOFMKXT OF AlfCTIC AND Wll.VftCTIt: ALASKA pEFEKDEXT IKS TlIK 

KKtSlltitill* 

Hie original motive in bringing the reindeer to Alaska wiih purely 
philanthropic—to give the native a permanent food supply* 

Shire I him the discovery of large and vuliuddr gold deposits U|k>d 
the streaitts of arctic and snh&irtii' Alaska has made the reindeer a 
necessity for the white man as well m for the Eskimo. Previous to 
the discovery of gold there was nothing to attract the white settler to 
that desolate region* but with I he know Sedge of valniihle gold dc|H)S)ts 
thousands will there make their homes, and towns and villages arc 
already springing into existence. 

But that vast region north of the arctic circle* with its perpetual 
frozen sLihsuil* is without ngrimltuml nrsources. < irmcries* bveud- 
stidTs,, etc., inns! he procured from tin- outside, Si earners upon the 
Yukon can bring food to the mouths of the gold-bearing at mi ms, but 
the mines ale often many mites up these minavigahle streams* Already 
great difficulty ia experienced in ^curing soffioient food by dog-train 
tnfiu>|H»rtation anil the ]nicking of the natives, TEie development of 
thv mines and the growth of settlements u]n>n stmm'is hmalreds of 
milr> apart necessitate some method of speedy travel, A dug team on 
a Jong journey will make on mi average from 13 lo 20 miles a day. and 
in some sections can uni make the trip at all* because they cun m>l 
carry with them a sutlicieiit supply of food for the dogs* and can pro¬ 
cure none in the country through which they imvi-L To facilitate 
and render possible frequent and speedy commuriu&tiori Wtweeii thr.-c 
isolated settlements and growing centers of American civilisation, 
where the ordinary roads of the States have no existence and can not 
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Im* i i hi i lit aim-* I. except «( un enormous cxjiensr. reindeer teams that 
ivi|tiin> no hmk* roads. mid that at the close of a day's work ran be 
turned loose to forage for themselves, are essential. Tin; introduction 
of fi’intWr into Alaska makes possible the tievi-topinont of the inines 
and support of a million miners. 

f In* reindeer is to tin* far north what the enmei is to desert n‘}. r i<M!.H, 
the untiiijil h liit'li IumI Inis provided anil adapted for the peculiar, 
sis-r-ial conditions which exist. The greater the degree ..f cold, 
the hotter the reindeer thrives. Lust winter a party with a reindeer 
team made n day’s journey with the temperature at TH l>dow stern. 
On a long journey through an nniidiahited country a dog tetun cun 
not haul sufficient provisions to feed themselves. A Jeer with gun 
pomids on the sled van travel up ami down the mountings and over the 
plains without a road or trail from one end of Alaska to Lhe other, 
living on the moss found in the country where lie travels. In the four 
months’ travel of S,0H0 miles, front Port Clarence to the Kuskokwim 
\ alley and hack, bv Mr. i\, A. Kjeihmmn and two Lipis, with nine 
sleds, iSpiV-tlT, the deer were turned out at night to Hud their own 
provisions, except upon a stvetch of the Yukon Valley helow Arivik. a 
distance of Jo mites. 

The great mining interests of central Alaska ran not realm; their 
fullest development until the doiuest ic reindeer are introduced in suf¬ 
ficient numbers to do the work uf >u| >plv ing the miners with provi¬ 
sions ami freight and giving the miner speedy communication with 
the outside world. 

Th© reindeer is equally i mfair taut to the prospector. ] ’respecting 
at a distance from the liase of supplies is now impossible. The prOs- 
jHVtor nin go only as far as the loo pound* of provisions, blankets, 
and tools will last, and then he must return. With ten head of rein¬ 
deer, which lie can manage single I landed, packing 100 [Kuinds each, 
making half a ton of supplies. In* can go fur months, penetrating 
region.-* hundreds of miles distant. 

H TITIIK OK KVtMiKKU ISOUHTnV, 

liven if no more reindeer an* imported from Silierio, if the present 
rate nf increase continues, doubling every three vixus and 
there is no reason why it should not-within less than twenty-live 
years there will he at least 1,01X1,000 domestic reindeer in Alaska. 
This is a couse native estimate and uilows for the doer that die from 
natural causes and for the many that will lie slaughtered for food. 
In thirty-five years tlie number may reach nearly 10 ,(KHI,<hni head and 
Alaska will Im* -hipping each year to the I iritrd Slates anvwhere 
from 500,000 to i, non, non reindeer cnivasscH and thousands of tuns of 
delicious hams and tongues. At no distunt day, it mstv Ik- safelv 
predicted, long reindeer trains from arctic and anburetic Aluska 
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will roll into Htaittlu ;imt mu- must cities like tin- ^mii rut- 

tli- trmm limt ih»w every hour thunder into tin- yurdw c«f Clmiifpb* 
lie fore the i>iul nf the present itentiiry Atnskii will lie hiTlpi(i£ to fend 
tile iiien und women who will then W living w ithin the 

present Uirtlors nf tlir l*nited St;ite* + 

RKreii rSc ks. — V *ir fuHher inhjrtniiUnii ■ wx U^itiinMln^ioD of < h.nnt'^iie raizuktif \tiUi 
Alaska* eoiiajlt the munial rejmirtgof Shell Ion Jnckfetn, ML I"., iteiiera! intent nf edu- 
rtittmi its Aiivkii, for Iftll-lSHKf. The mpnris i^ntain much irilernstiinju mutter pi »onf 
Ahukji as wti-lh They mny In- ubtnluid from the JtnperinUnrieiit of public <hwm- 
tuelj Wn^Mn^oiif l>, (]., fur a nmalt m»jl 

Spoeiiil tiieatMiij mjiy Iw tiwh* of Uw Mlovrhij* article* ini'hiiW in the repjrf*; 

'iMmfHimik^l Rdodeeiv nith Notes *m the UubltH nurf Cnstupis i»f ihe Kukithii 
ami Life in A retie A lurid/’ helmlm- mimv ijriuhit native 'liwiiigM, hy Miner W. 
lirttee* pp- ?-Vl ] 7, UStt. 

"The tlincniry of 181*5 M hleJM-rik* n twit of iuNpei^h*i| h hy Dr \ViILiiuui IJuinih 
ton, nffiktant trenc-nil of triuntfinq m Ahtsk;i r ju>, tl p Is^tt. 

" Lftipurt of Win. A kjelljtmin Ihserlhlppu Trial Tri]i of L h ,HOO Mill-* with Nine 
KuinJiiTSli'd^ 1 ' p$i T 41-71, 1HS7, 

“The Lupluml Reinrlwr Espoditiuii 1S38," pp. :i:Mrl r IttW- 

"KKpfelillon to Ssl*-riii p pp hy Lieut KL I*. Bertliulf, ih^^rihin^ the pim-haHe of 
Tiinipwe In fitoria, p|Sv LJHMiW, JIM)]. 

14 Reindeer in SlbcriA," pjiu IflM-JTiL 1M0L, 

Merit ton HhnLLhl ll 1^« le nimh; of: 

"The i'nibft! of the r. S, Revenue i ’oiler ftw ourf the < hurhiinl Expedition for 
the Relief of the Whalers in the Ajvth-< kenii, Noveuilit t 27, tSl>T h to &tjttciufier O p 
hiHudfiiiJr ft k |Kirl^ of Lieut K 'FL Jarvis, Linn, K IV ivnlmlf. iiud Siir^ s. J. 
Cult ilovermiiuiit Printing OJfirv, I3WA 

“(‘onimerekl ALmkn in JfKii,” hy ffrm.n. V. Anmin, l:-uvjiu of .Statfoth-K, Tiwury 
Department, [ ■ | <. 
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By W. K. fr l{ KOOKY, 

Ax*!stti>4 to II. F, 0*J*rtt, nf ihf .lipjmVwn M«,-stun Xitlnrnl I tig t try. Xt>r York. 


[White tliu flat) nf this article, anti the introductory ; m,l is.ndiidiflg 

|iiiin^r,Lj*li-, U origbuJ, the rnjit in Ifir^ely adapted urn I uxtaclcd from an article in 
Harper's Monthly Min®due fur Match, iwfjt!, by Profa*..]- 'inborn, fur seine time 
praidcot of the tnutw* of the Mjii-im* ftiologi.al Lalmmiory, •<iippit<ii»>n|cd by 
eslnu't* front the ninth report nf the Marine Biolojjicd U!oratory for the years 
18EW-HW0, an>.I from Prof. K, to i.'onbhn'- urttcle in Sdenix-, March l\ lint),] 

Tilt! prevailing spirit at Woods Hole is the spirit of cjiplmutKm. 
The pure delight of discovery sustained Darwin in his cUade voyage 
on tie ll' Wjls iintl Huxley in hi- cruise tm tin- Raittrmak*. These 
great name* indorse the statement that even in themselves, from the 
simple nutuml history standpoint, the phenomena of marine life are 
worthy of intimate it nil in-1, nr si nth. But Darwin is forever famous 
it.)! chiefly ftir his life-long nutunil history observations. Imt for the 
gnmd theory gleaned therefrom—the theory of evolution by means of 
natural selection; ami the most enduring monuments to ]Iux]ev utv 
nut only his brilliant cunt rib it Lions to systematic zoology, but wpe- 
chilly his dear statement nf nil life phenomena as essentially protoplasm 
[themmiena. Accordingly the spirit of exploration at Woods Hole 
manifests itself in the simultaneous pursuit of (o) natural historv ami 

evoiuti. and {!>} biology, the study of the nature uf life itsdf n* 

foniul in protoplasm. 

1 he enlhuwiiLsm for until ml history ut tin 1 Murine biological 
latmv is in part tin inheritance from Louis Agassix. who mav In- 
considered in u sense as its founder. With Carl Vogt, of (tenevn, 
llnxley, Dohrn, and other great naturalists. Agassiz realized the 
important results which would flow from the study of murine life in 
ihe lining and fresh condition afforded urilv In' a close proxitiitlv to 
the seashore. This idea happily culminated in L8T'i, when Prof. Anton 
Hohrn founded the beautiful and resourceful station of Naples— tin? 
groat Mecca of all students of niHi'inc life, 

Agussix brought with him, therefore, to America, a lung with bis 

other enthusi«snr- that for marine stations. Jn 1*73 :i „ eloquent 


sii 1th Li--to 





\ MAKHTK OlVKUSITY. 


jut«Jri'*> of hi- caught [hr Cl,.f It New York meIVhtmI, Mr. John 
Anderson. Our lir*t seu-ide lidmmtory was established on thr little 
i-Ini id uf l^oti ikc.sc, 11 IT the coast uf Msssiicliti-elt; 1 , iin 1 1 for one m col¬ 
orable season it group of .. who Imvr .since exerted n profound 

influence upon natural history worked under this inspiring master. 
All have tc-comc leaders. lint notably A. Agassiz, Brooks, Jordan, 
Lviujiiu Mayer, Morse. Putnam, Whitman, ami Wilder. ‘‘Study 
nnttire, not Ijooks" and other mottoes embodying Agas-iss'- Semitic 
theory of teaching zoology adorned the walls of [his p lain pine 
building, ami have fortunately been preserved lo perpetuate their 
1 iitliifiii'e ai \\innjs IJule. After a second season, following the death 
of Agassiz in December, 1573, this laboratory. somewhat too isolated, 
if’ it priiied, nils abandoned, At] the credit for reviving the work 
belongs to Boston. especially to u nmula'r of ladies, who, in tinauchd 
cooperation w ith Professor Hyatt and the Boston Society of Natural 
History, founded a new laboratory ait Amiisijiiiiin. which hi 1-SSX was 
finally trunsplanted to Woods Hole, With Prof. <A O. Whitman, 
oni’ nf the distinguished pupil- of Agns-iii, as its dinvtor, mid with 
the I’eilikesc mottoes upon it- walls, we may thus consider Woods 
Ihdi' as the offspring nf the Anderson school. Prof. (Jhairlc* L. 
Minot, of Harvard, and Mr. Edward <i. (inrdiner, of Boston, have 
been active in its support. But the administration lias gradually 
tjcfoine thoroughly iiiifiotitd in character, including representatives of 
all the larger Eastern and Western universities, 

Aimost midway between the island of Marthas Vineyard and the 
mainland, and separating Buzzards Huy from Vineyard Sound, is the 
long chain of the Hlizubelli 1-lauds, which are strung out from 
(Ik- BOuth western axtrantity of Gape Cod. Woods Hole y situated ut 
the apex of this extremity and just at the beginning of the chain, I If 
nil jjoints along the coast this is tin- best adapted physical!v for a sea¬ 
shore IttiKimtory. Alxuit tea years after I he abandonment of iVnikcse, 
Spencer F. Baird selected this spot after having investigated almost 
every available |n>int on the Atlantic coast Here he m.-eeeded in 
establishing the splendid station of the United State- Fifth f’oiiimiesion, 

with its ilect of vessels.I extensive laboratory facilities, designed 

for the investigation and artHUual culture of all edible forms of sea 
life, mid a sympathetic and active factor in the prosecution of pure 
scientific research. This national station under the udminixt ration of 
Ifoodi'. Bumpiis, and others ha* lieen a resourceful and willing ally 
of the biolog ini I lalmrutnry. 

J he natural advantage* of W oods Hole deserve especial emphasis. 
J’hc waters-of Buzzards Bay and Vineyard Sound are of exceptional 
purity, li, the inane-diute vicinity of Wood* Hole am numerous har- 
bors and lagoon-, with muddy, miihJv. or rocky bottoms, while tin 
'-■ 0,1 broken by W-. promontories, strait*. and t*hinds ns to 

utTor.l the most varied ..lent, for marine life. | u addition the 
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FiG. U-Marihe SiouMiCAL Laboratory,. Woods Hole. Mass., January 28. ie&6. 
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tide currents which s™p in through the ** hole” bring in multitudes 
of floating animals and plants. tunny of which nn- tropical forriiH, car¬ 
ried m from the (iulf Stream. which is distant only about bn) miles. 
The proximity of the (iulf Stream to this portion of the New England 
const give* a hdiomtory located at this point many of ihc advantages 
of u tropical station without any of the accompanying difcnr I vantages. 
There ure also ninny freshwater ponds and lakes in the vicinity which 
contain u rich fauna an cl Horn. 

In these ideal collecting grounds the trained inveatigiitor naturally 
finch* abundant and widely varying material. and the beginner in tool- 
Ogjqj during the frequent excursions which form so prominent it 
feature of the instruction, secs so me tiling under natural conditions 
of the teeming life of the shore and of shallow water, of the delicate 
fa nun found on spites and flouting IHuIkt-S, and of the products of 
11 ii‘ dredge uud drag net. It is undersuch oireittnstnnees that one enthn- 
aiiuiticnlly reaJissc* the meanings of various structures made out iu the 
dissecting pun in the laboratory* and the nicety of the adaptations of 
each umiuut to the conditions under which ti Hits. Much of the ra|- 
lerttug is carried uis in the Steam launch -suggestively named 

after a swiffc-swimiiiing tiianitc worm of arrow-like s!iu]>e. 

Tiie naturalist and the studonl are also forhuiali- in the tmibriul 
and educational equipment> of the laiiomtory, It is true that in con¬ 
trast with The 1 icautifill Rena issui see building nt Naples our gmy- 
shingled laboratory buildings seem .44.11 new hat bim-Eihe externally. 
However, this is nnt in compatible with the true scientific spirit of 
**plnin living and high thinking/ 1 Ortuinlv the very host ^^uipment 
and facilities that ingenuity, -itimulatcd by necessity, ran provide is 
most generously devoted tu the ndvaumiienl nf jinnee. Fifty private 
rooms* for exuui|itiv ntv reserved each veiir fur indrpendent investiga¬ 
tors,, and these are free of expense. 

V nslcr the heading '’equipment" one should briefly touch opus the 
department of supply, the museum, and she library * and especially 
upon some of the various courses of instruction. 

Tiie department of supply was established in order to make accessi¬ 
ble to teueher> mid others at. a distance, who desire to obtain material 
for study or ctiLss work, the products of the terming collecting grounds 
at Woods Etule. All the types generally used In both zoological and 
laUanieal instruction* such as silguq sponges. hydroids, starfishes* sea 
urchins* marine worins* crustaceans* mol lusts, smaller marine verte¬ 
brates* etc.* as well as mounted sc is of seaweeds, are kept in stock, 
A special laboratory for this department, -applied with salt and fresh 
water for aquaria, has lieen prepared* and a curator appointed to keep 
the department open throughout the year. The department also 
-enuringmaterials for the museum, illustrating the fauna and flora of 
the surrounding waters and country. There is a rapidly growing col¬ 
lection of directions largely prepared by the cl Bases in zoology. 


A KAKIXE U>'IV KHSjTV. 


K'2H 

another iullertims of iini-rriHcc>|Ui ;il | neparnlimi-, and limillv im herba- 
l imtL A]l who Iihv-l*- taught or ahidied biology do not uetrd in hr told 
tll»> t mini-use s-diit-jti loiml vulue uf thexe collections, The libnirv—hi 
any institution* ths- fount to whiuh nil roii.stantlY ropiir -is provided 
wills nlimy works of reference iui«I tin?- more important jnurmits oil 
yAmUtgy and Uotiuiy' but the expansion of seioiue hso mphl that a 
library of this kind is nlwnyH mgetilly in not'd "f frequently ml Ini-fur 
tith's. 

AH iho'i- iduhonito adjustfiiimts for studying the morphology iiiul 
ovoliUiuu of nutrhn- organisms furnish the data for another *ei ot 
studio;.. ]il*>ye alluded to under the torn “biology*” 

In iiisi famous eddn\ss “fin the jdjysiml basis of lift?," Huxley said: 

11'fcii l- t\ Jiljv-hsilrd sua— -if ]ir* iTpiJ-IeUSIil 11 Lrai^ *nil Ehj fie whtU limy bo termed thi¬ 
rl mi Eei ns I imiE nf vhtr jinn inn l«xly # * * md fowl, reptile UJtd Elsh. limb 

lu*k, worm, and jitilyito unit nil ojiiifW*! *u sErortunl mute <if th^ rnun- rliimu’Eh^r, 

Till indy, nifls-H-s of proto Hi'ln>iii with il imeli-ns, ' ! * Hekrr it Hjij^lrstO Imji 

umiferof rm jjrt-su pin .ijutiI wlmt animal plant I lay titular mtittlUnUon fur proton 
j 1 1lis-ii i, siiid th 1 ■ fju-L hjjmfeti vsduiiu? for tin: general identity ut Unit sidir.iajst'e in all 
I iviii^ bciuji^ 

Tin - unity <*f pmtiiphisin U the ultimate raison dVire forth** Woods 
J loir liilKimtory. In the protoplasm of li polype may he wrapped up 
u soerrt nf vast importHiue to the w elfare of the hunimi mun. 

This Is the thought underlying ihe eoiirsi's in com punitive physiol¬ 
ogy Il iid i -n ibryology, i-xbo^vn hi the following ijuututifjns; 1 

- _ * ft is uiir proMtun to lvI itu nndefYUmdftag nf the various life phenomena, 

It hnt’jteiH dint while the elution cl rmi-physiolcigjenL proMt-in i-ulum-t iEujHNsiblr 

tuning ' i-rtnm vertebmU-™ orei-rteiiu <iri lin«j>.-k the loiidbiuiL- in <me definite nrtli* 
riiji- ■■ I »-r in net w-Wdisiit, "r iiiiis> oilier jiuinuil may \k- niieh an e«? make the subitum 
n I t o ml sell-evident, III the vurlmiH f' lriis^uf Use minim) keii^ilmji luilurv 3ms | m 1 \ m n *l 
just sis iimtiy exgtiTLliielltH sir \\might midi hy i mr VSVLwetLCsniil unU lnul, 

but wil'h'iut the elssndvisMjs^i- > i Elml ineth d. We eun f for esasnp|e r pfnily the 

AllL hij imlii'tly ml I'niiEnu l ilir f i -.-*m• hsr . tv Tv-Adily in Uje fuih-sllih' 3 h*I] nf Elk- uuhIiikl 

IhiiSi iii the Vertebral** l^ urt hi tin- rrn-.h^i, hy tme snip of Use M-Sftnjiw, wv have i* 
i ontmetile It^ne dqiri™! i-f tiervtw widiont ^ hsI gnite vlvim^'tiois. 'The influence 
sin |.pmI-.[.I.l-n, <-i J.u k i-f i-sy^'i inaj alpi> mulily Hlndi^t frum u ruruitiinUm 1 
hifl Eiplp ip nt, Kn u i he el lu nJqi L totesfun ms t kun- p >tn*r ■ ■ rs i ei I is ige 11 i;l--+ t ►f .nh 11 Uwt 
mils the inh-n-Jii e may l<e dmwii that veils ilepriv«l i-f nxyveii tusrh'rgd hynlni-lyth: 
splitting hy whh h in^ihihlo l-«lifs nmy lieniiuc st.hihle. Uni hy pine[rj}t various 
jnlu^iHaor ih>velO[jji^iy$-H luider ihe this ket ma y with ease itv rt-a- 

ilvnA vi-ihle. Th*-iiifijiillinmes and men- a slid jH-rthmsi.f tint Infi^riui rimy It- 
■-'i-ik hr 1 3i-x.«Ivi.‘ rllid r]iHiijt|n‘jir ( li inlaci^ lu n uomplele «3i-• -i^uibnEieEi ■ .f the > *dL 
* * * It may tnifbhilly l«’ -.nd Ehst the j-rohlimi ..f heredity HenenF the ui«-l 

inijrfirtaisf pnildiuiis of phyrielofzy ill Th* 1 ]-^f-i]t time. The tense iih why u ^ivei] 

siliih^ nf ndla rSevele|>r InEn a idvon i if^an rjf si HTtaln pize T and podiSnn 

evidently uitly U- u- ,TEnini^L hy e3E|vrioientn] physiuli^y. The ^tndy nf the pile- 
[toini'jtft .li HlevH-hif.rn.^H Jkinl iTgniiiiaittnn miwl heuet form a pari of "any oeLirw in 
emnjmmtiet> \A syidolepy . 

•' Siuth rDywirt uf the .Miiriue hmlojxipq] Iath>mtO]y r p [Slwl. VM\ 
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Accordingly, wc leam t about two weeks of thi- cour^ arc devoted to 
thisstudy. I be experiments deal w i 11 1 tin* influence of vsirioiis fiitior L 4 
iiL the environment (light. Iii-li*, gravity, HieruicaU We.) mid hi the 
urgttiiisiu which determine 1 lie development i»f given i ^hh- rmd the 
flttaimneiit of die proper animal term; with in^nomtiqD of aiiiumlm 

w ith the mlhieuee on pruloplii#.f vuritiug external factors* siieli jls 

lack of oxygen, temperature, ion effects, and ho on. This is followed 
hy tin ex peri men hi I course illustrating troptatt geofcroptam, InIk. 
tropistiJ, stem it in pis nu ehemnt ropkm. gulvimol mpWn. Among the 
forms studied %vjil lie eopopod^ worms, Iikrv^ arenicola larvie* 
fiindtilus and mrbiein the shrimp, etc, 

A temth week of the course is given to "the -unh of the roinpar 
utivo physiology of the mitral nervous system. Phenomena of 
ruitouiatieitv. coordination, and of rej|exe>* the transmission of nerve 
impulses independent of nerves, and nations to Injury, will he illu*. 
tinted in many forms nf life, l-iiu-sunl facilities sire offered for work 
of lids character owing to the immense runnier and variety of the 
atiinmLs available, * * * In the eom punitive physiologi of the 

Wood, the enrpusdes, pmh hk mid respiratory iJ^ineuts of the h|o<al 
of different animals lire studied, together wiHi the eempanitive physi- 
ology of blond dotting. The chief forms used are the starfish* sea- 
utvhin, SiyeotyjiLis. lobster, LinmliL^ and tile dogfish. In the mm 
lenitive physiology of .^nvtiun the various mechanisms of sern'iion 
will he illustrated as fur ns possible by Lbe glands of invertebrates/' 

As an] example of the problems of w/rui'nitim* mentioned tiljove wt‘ 
nifty cite the following: "If si worm normally produces a hi ml, a 
scries nf segments* and n mil, ^ but will ]mp|km if you eut the worm 
hi pieces and then graft the head on the tail end? Ora hermit cmk 
hwd into its vouch shell and Well known to rapidly regime rate its 
large exposed elaws, total I will happen if yon nit off one *>( the 
apparently useless bidden Haw* which have been lying for thousands 
of generations w ithin the coimhV' The purposive tpialky in living 
ihings. the apparent determination to overtime at I obstacle* and attain 
an end i* best illustrated in I Jit- remarkable (v| ivriijients of ihe almve 
kind* in ivhieh Prof, I. 11. Morgan has Ftfeome a lender in lliiseouie 
try. I liese have culminated in Ids recently published umrk t Regem 
elation, a hopeful and optimistic roll rite i| ntr; of Nordaus iiee^imtetie 
voLuuie upun human society, The mural of these experiments is 
briefly expressed in Hamlet's aphorism “There’s a divinity that 
shapes our ends, rough haw them how we will./' u moral so ^tron^ 
tlitit fpiili; a school of young natural philosopher* in th-rmanv are 
reviving the older iHenlogiciil and vitalisrie theory of living 1 hS iilt^ 
opfMJsed to the rlicmual and median End theory, 

1 A Ihs^miu H Uie tenilenr'V ifhiiWii hy Bill i^rpiixi^ni in fiwl iu m Ucflnlte way In 
* ri 11 x u:U hU in ali „ as - u mi ei -1 i \ In A i. n p|. h*m v be hv i lat h h i - p*-. ,t n ■ (■ Imii | 
ehs’trieity .|^lvaiiui ni|astn b ete. 
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Another line of rosemvh in thy solution of which America. thanks 
rhtut!y to Bp B. Wilson, ( oiiklin. mid Mend. i* mi acknowledged lender, 
h tftijjgpstod by theltdInvvinsinuation: f f n del eloping egg (fur r\um- 
plv t tils' minute mill delicate With surface-floating egg of smur sea- 
urchin i normally divided into two, four, tight, and art iiiliiiiinm cells 
ro form the ad tilt, what will happen if you shake those celts apart after 
the fivst, a^t>od f etc.. cleavage * 

The initial sli-p Ss lo ^tody the undisturbed process of cell division 
through u i*dl lineage/* The transformation of the simple fertilized 
egg Mdl is always ticeomplished try splitting into many cells, which 
ultimately constitute the various tissues. It is obviously a mailer of 
great interval anti importance to truce tie lineage of the tissues back¬ 
ward Upward the lmdiyidrd egg. This Ibis hern done Eo such an extent 
tlurt we can designate the particular cells that give rise To the outer 
covering of the body. tu the nerves, alimentary camk and to tie repro¬ 
ductive and germ cells. Wry early in the history of the embryo the 
future functional and struct uni I regions are marked oif, ami there is a 
lieginnlng of what Sjjpncpf termed the physiological division of htlum 
Sotnr hiolngist-s nre inclined to utrry this back still further into the 
<*nii|tiinenfs of tie egg itself. 

One would suppose that any rude distill fumcc of this iNTiiilifiil pro¬ 
cess would abruptly terminate life. Quite the rout ran ; the general 
answer to alt sail i|iie*£ions as the iilmye being that the titiexpcrted 
will happen* Out of the patient observation of tie unexpected* how¬ 
ever, is coining tie mlionale of the life processes. 

The reimirkiible general result ha> I Ham obtained that upon shaking 
apart the si^ments after tie egg has divided into four or eight parte, 
these isol&W cells do not die, I nit again sulaljv ide and form a lot of 
twin or j|iiadruplcl individuals, as the case may lie. In the early 
experiments of this kind hy Wilson and others each sepfimte cell pro¬ 
duced a minute but entire individual. But when Crumpton happened 
to repent tile experiment on certaini snails' eggs* the main result was 
Hint only one dm If or one-fourth of ilii embryo snail was produced. 
In sL-uom-lnns. in which blinking also product'll fraction*] imituuC, the 
missing fractious were supplied by regeni intinri another very sliik^ 
3 ng example of Handel** aphorism. 

In lUN h i, l'rof, Jin :t| ues Lr*»h axniouiiced tie rcrourkrtblv discovery 
that in starfishes and other fomii, hy suitable treatment with solu¬ 
tions, not only of various sails* hnt also of such subs.tailcas its sugar 
and un-jk tin fertilized eggs nuty give rise to swimming limn. This dis¬ 
covery, like most others of iinitial' character. witsihe natural "cii lienee 
of experiments which hud skirted lines of Miought ill this direction. 
IMvliaitl lien vy ig in L Hilts ¥ in Germany, had shown that strychnine 
starts lie egg-, of seiMirebins on the rpnrse of development. And 
Morguii. IkMhh lsnfiwt iiWO, at W*m*Ls Hole, foul sWwn Hut the 
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Unfertilised eggnof _l rfufr/ji a n s*a- urchin, when treated With solutions 
of sodium :i ini magnesium chloride would segment and advance fiito 
miu'h Inter stEige- than id served hy Unitwig, though no swim¬ 
ming embryos were produced* Thus in Morgan and Loeb, tif Woods 
Hole, I iy Ionia n large *bureof the credit of w \mi lists been ladled ohm of 
the most epoch-making disco verics of modam times, that of artificial 
fertilization. 

Ikrthenogonosis, or the development of n female egg without the 
access of si male element or s|>emmtozooD t had lung been known 
among various lower types uf animals; ins lances are to he found in 
the la-e.s social wasp*, Jfitmfttp' + Daphitk, plant lice, and others. 
Hi re tviis il cokq of artificial parthenogenesis, and Loeh was led to 
compare these until ml and inti tidal phenomena* reaching the conclu¬ 
sion thni fertilization carries into the egg a mtnljtir mihaiuiictf which 
awe lr rules a p n xwa& w1 1 it h wcmid othe r wise proceed too slow ly * Th us 
fertilization, from having a purely vital aspect, assumes a chcrmro- 
physical aspect:, and the hitherto mysterious phenomena of pnithono- 
genesU finds si partial explanation. 

In his disciis>iim of this dcvelogmient without the male dement, 
IjOpU slvs it ha* an important hearing upon the theory of life 
pheiiNEucaiu 

If we Hiirml iib fitirhu^ a tvhkh in'i'i-Scfiitei ihc pri-m-w u£ i ■( -1L ilivbfioti 

llI the lyjRmti lylu^mtttru, thin will uL the Mime time lead lu a hUfspre&loIMJJr n.ilue- 
tiuuiif tin- niiEJi^nriislie(mn'e»i thatshrillertS lisV. It is Hut ittif h^IMc that " iijituml 
death” risiujmnilbh 1 to the Nitnutiun mn the nm\ lin* rusr idler it U avre the ^vnry. 
Nature hits slmwu tm ibw nay I by which at thin eritii^l pi dm death cjij ts- avoided 
in Ihc h-osi! iif the i^. 

h is Mife to prophesy that the hearing tif these and similar discov¬ 
eries on medicine and pathology will la? no less impirtnnl than the 
experiments of Fallenr on haeterk. 

The effect* of different solution* upon the development of the egg is 
illustrated by an experiment conducted ]>y unitire herself; 

ts a fresh-water crustacean* whirls i f raided in concentrated 
salt solutions (salt lakes), 1 becomes smaller, undergoes some other 
changes* und transforms into it specioa which lias been known as 
At'frMtia /trdt-hM*- a classic rose of transformation under the action of 
external conditions, first observed hy Sclmiunkivivifsrh< I hi.- observer 
kept Art******* in *;dt water, which he constantly diluted by adding 
fresh water until ut last it wsis j^rfcctly fresh; the vrUBtureazii* had 
meanwhile gone through several general imi^ and hud gradually so 
completely changed their characters that dually 1 hey acquired those of 
the genus BnawAippuj*, 

S' lie artificial process lists been erroneously spoke ei of in the press sis 

chemical*' fertilization, The single fin 1 1 hut Dr Alk-rl Mutln-ws has 

hci-li able to risit 5 :lI c- lie \ > Iupi ui 11 [ by ihe slinking uf the Ogg iluUrah C- 
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that urlitidiil fertilization is ns iinii'ii physical ts chemical. .Mead, 

... many others, following tin- Belgian, French,and (hniiau 

wh«>ok laid long boon studying the internal c Images in natural feeti- 
lixation, and as a sequel to these discoveries sire tin* recent rrseorclios 
aiul experiments of Prof. hdmiind B, Wilson On the changes which fro 
*»n in the egg after tirtilirial fertilization. These were presented Itcforc 
Uic Interriutioiml Zoological Congress at Berlin and attmeted much 
attention. They show that tin* imfertilized egg. In the addition of 
magnesium salts, is able to create a complete iin'clinnisinof ee] I itivision. 
Bui under fids t mo mist omed stimulus, in the words of Wilson, ‘‘they 
manifest u multitude of aberrations which constitute a veritable 
carnival of development, which one can hardtv witness without n sense' 
of amazement. Jhese a I ler rati mis are of high interest on luronnt of 
the side light they throw (in many debated problems of normal cell 
function and structure, 

The value of all these observations hinge*, of course, upon the 
essential unity of protoplasm throughout liie uuimiil kingdom: aa in 
Huxley s prophecy. whatever applies to the protoplasm of -eii-urchins 
Me may he sure applies in some degree to the protoplasm which con¬ 
stitutes the basis of human life. 

The life and the social congress at Woods Hole an- almost as varied 
M the problems investigated there. School teachers from all over the 
Union, students from the -mailer inland colleges and the largest uni¬ 
versities. young aspirant- for the doctor’s degree, older men of inter¬ 
national, reputation In botany, zoology, phy siology, psychology, all 
come under the magnetism of the -M. R L.,' T a- it is familiarly 
known. Work is not t<m strenuous, it U temjwred by the undercur¬ 
rent of the feeling that, after all, this i- -unimer vacation time and 

. llulst nr,t l«! too prions. J n fad, at Woods Hole, as wit!. . 

English and continental scientific hrethen, life is well balanced mid 
altogether reasonable while no less productive. 

Among ihe things evidently of supr .value in the modern univer- 

sity are: the t radii ions and history of the institution; its appropriate 
location and housing: the avui lability >f the sources and instruments 
nf knowledge: the presence of n cosmopolitan assentbinge of (he stu¬ 
dents and teachers nf numerous sciences—all of which, we have seen, 
constitutes the chaini of our murine university.” 



SmukHMijn flim-t, 1903 — G . Ibart. 
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.f.iliii W'oricy Howell wo* born March 34, 1834, at Mount Morris. 

N- V. Hr died September 23, 11*02, at hk summer b. in Haven, 

Mr. Hi* was married in 18C2 to Emma Dean, of Detroit, H is wife 
iiiift daughter, nn only rhilil. survive him. 

lli.< ]ni rents wen' English. having reached this country only n fen 
years before tits birth. His father was u Meljiudkt preacher and soon 
reiunyed from New York, living sm-renah cly in Ohio. Wfcmnnhi. and 

Illinois. His father's occupation took him .eh from home, mid 

I lie son. while yet n boy, devolved the duty of conducting Uje 
fnnn from which the family derived its pilin'i (ad support. Powell's 

l aity schooling was that ordinarily obtainable in n rural mi. . 

Hi' Interediutitimi was hu gely indentulvnl uf schools, hut h>> attended 
Illinois College, at Jacksonville, 111., for n short time, and was nr 
Utttfiin College two years pursuing a-^icriiil course. In early riniii- 
hoeil he supported himself hy teaching, I wing at the same time a hard 
student and pursuing nntunil history studies with enthusiasm. He 
tmvei'i-d portions nf Viseoiisio, Illinois. Iowa, and Missouri on foot, 
collecting plants, shells, minerals, tiud fossil,, and these collections 
hmiight him into relation with various colleges of Illinois. At the 
outbreak of the civil war he enlisted In the Twentieth [{egiment of 
Illinois \ olimleeis, and abruptly changed the course of his studies to 
military science. Ills sUCCG&Uvo commissions'rHUged from second 
lieutenant to colonel, but the tank of major gave the title by which he 
was known colloquially in Infer years. Ilk service was chiefly with 
artillery, hut sonic of his most important work was of a character 
commonly assigned to engineer officers, hi the laittie nf Shiloh he 
lost his right arm. and t he resulting physical disability affected hi, life 
in important ways. On the one hand. I he wounded am caused him 
at various periods much pain, and thus weakened an exceptionally 
strong constitution. On the other. In 11 was Ini in early manhood In 
employ ait amanuensis, anti the resulting freedom from the mcchau- 
i<ad factor in writing was a distinct advantage to his literary work. 

"ttmisoi hy the author from articln pnMkluii in Setem*. i k-Lutier in, 

art 
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At the dose of [Ik- wur lie promptly returned to civil lift-, dropping 
tliv study of military a- alituptli' as he had begun ii. An 

ath-tu-rive opportunity to tutor political life mm declined in fnvor of 
scientific work. He bemmc professor of geology at Hluomiugtoii. 
111 ., nltd lecturer on {jcdlogy at Normal, 111 . Iii 1 St 17 lie organized and 
K:d the first important geological excursion of Amcrktui students, 
taking a {tarty of 16 to the mountain region of (Vdunido, This 
Is-forc the building of transcontinental railways, and the journey 
uirross the plains was long, He remained iminng the mountains as an 
explorei after the pirty had returned Hast, tun! in tin* following years 
organized iissaml expedition with geologic and geographic explora- 
tiou and research as its thief objects The necessary funds were fur¬ 
nished by various educational institutions in Illinois, and Congres¬ 
sional authority was obtained fur supplying tin* party with provisions 
from the military post* of the Wi st. Hls cxpMlition wintered west 
of tin' Uovky Mountains in the valley of White Hirer, and the long 
period thus spent in a permanent tump was occupied in the si irntUic 
studv of Indians. In tin* following spring four luxits were brought 
from i'll ii-ago to the point when* the newly constructed I'liion t’oritjr 
Railway crossed Urecn River, and a party was organized fur the 
exploration of the canyons of the frreen and Colorado rivers. When 
this work was lie gun it was known that the rivers here descend tu a 
distance of 7U0 to I.ikhj miles through the vertical space of 5,000 feet, 
coursing most of the way between unscalable walls, but the nature of 
the rapids cascades, and cataracts by which the water falls from the 
upper to the lower level wits altogether unknown. The undertaking 
wu> therefore of phenomenal boldness and its successful accomplish¬ 
ment a dnttmdir triumph. It produced a strong impreastmi on the 
public mind and gave Powell a national reputation which was after, 
wards oI great service, although bused oil uii ndventurous episode by 
no means essential to his career as an investigator. 

I he voyage through the canyons was a rcconiioissatire in an nnex- 
]>lorcd area uml led to the organisation of it geographic mid geologic 
survey, for which appropriation was asked and obtained from (_'on- 
gres--, the work lifting initially placed under the supervision of the 
Smithsonian Institution, By the advice uf Professor Henry, the gath¬ 
ering of ethnologic data was made a leading function of the organiza¬ 
tion. In 1819 a boat party began a second voyage through the 

canyons, the plan being to spend two years in their.. laud 

pnities were at the same time organized to cooperate with them. The 
river «us abandoned as u Imse of o]ierations in the middle of the sec¬ 
ond season, but the land work continued, with progressive develop- 
meat of phoi, foruporiod of ten yen vs. About the middle of this 
period the study of the problem of the utilization of die arid region 
lb rough irrigation and otherwise became n function of the organic- 
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..anil a >] n'ri&l hn i-stigiit don »vu> made nf the water .supply of the 

Territory nf I rtali. 

Of pa rut hi growth were the survey* developed under 1 in- initiative 
of Pr. Hayden, (/to re nee King, amj Lieutenant W hector, Their fn tic* 
thm* were similar* mid with the exception of t hr- work Uv King, which 
had u dedmite limit, their ambitions included I he exploration and 
survey nf all the western domain of the United States. They thus 

tocume rivals, and thwre was .. of ivorgunmtioa. After u rising 

ee.v-fui to arrange for the partition of i)li- Held ami friendly 

i iH>|^rnthm between the iLi(f*-n-nt corps, Powell advocated their merg¬ 
ing into a single toimm nf ib«- Interior Ikqmiiimnt. and it was largely 
thi"Ugh his initiative that the work wlls dually reoiiga nixed in 1879. 
The Powell, Hayden, nnd Wheeler surveys were ulajlkhed and the 
present United States Urological Survey created, Mr, King In-coming 
I >V president kd appointment Its Hr.-t d tree tor. At the same time the 
Hureau of Ethnology was created to curry forward the el him logic 
work, and nf this lWelk henmie director* The I'iimlogTiid Survey 
was made a Imre tin of the Interior Itopartment, and the Rim-uu nf 
Klbnoleey wsi* attached i ■ - ihc Sin it hsomnn f list it tit km. 

The study of water .supply in relation to irrigation leil to the con¬ 
clusion that the land taw* of the Fritted States were ill adapted to the 
co ini it tons obtaining in all the drier portions of the country, and 
Powell Wanir much interested in the legislative problems Ehus arising. 
Partly it his instanee a commission was appointed to codify the land 
law- and recommend such modifications as seemed m he required. 
Powell gave much of hie time for two years to the work of this com¬ 
mission, and a comprehensive report w:i- prepared* which, however, 
led to ms legislation* 

In 1881 Mr. King resigned the directorship of the Geological Sur¬ 
vey, mid Powell wm itmnedktdv named ns his siilessor. Ho retained 
the direction of the Bureau of Ethnology mid conducted Utsih bureaus 
until when he resigned from the frimlogiral Survey. I hiving 

his odministration the work of the Survey was groatly i ida fgod, espe¬ 
cially in its geographic hranch* arid the i nvratigufmu of water supply 
w ith special reference to utilisation fur irrigation was added (o its 
functions. 

In the last year* of hm life Powell practically relinquished admin to- 
irativo responsibility, intrusting the management of the Bureau of 
Ethnology to hF principal assistant, Mr. Mdiit, and devoting his 
time in personal studies, which passed gradually from anthropology 
into th- fields nf jjsychobgy and general philosophy. 

In -u rnmurmug the result-' of his active life it js not easy to sejKmito 
the product of his personal work from that which he ueromplFhed 
through I lie organization of the work of others* He was extremely 
fertile ill ideas,, so fertile that It was quite impossible that he should 
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paraunally develop them nil. and realizing this he govtt freely to hi* 
i'i>3Ininitur>. The work which he inspired ami, to which he trim- 
tribute. I the most imjjortiinL ermtive --Ifciitt-ntn.. I believe tu beat least 
sls important us ilml for which his name stand* directly responsible* 
A* he si!way* drew aland hint the best ability he could command, fus 
assistants were not mere ekbmiitor*, hut made also important original 
eoutributinrjs* and the idea* which he gave the world through others 
are thus so merged and mingled with theirs that they can never lie 
separated. If wi> count the inspiration of ids colleagues as purtof hi* 
work of organisation, then I hi 1 organisation of researches rumv prop¬ 
erly lie placed lirst in the tint nf his ecmtributioriy to the progress of 
science. Other leriiw of the list pertain to the fields of geology, 
physical ami economic: gcogmjiJiy. anthropology, and philosophy* 

The creation of the United States ticologicfil Survey belonged to tho 
] Ogic of e v mi 1 g and vvr u i Id 11 ado nbt ed I y ha ve tnkei i place w it lain a f r w yea is 
without J\iwell"sussistnuce, but bUactive advocacy hastened the change 
and Ins ideas bad greater influence than those of auj other individual 
in determining The inode of reconstruction of |Jn- uuLimtal scientific 
work. He was ho prominent as a promt iter of reorganisation lhat when 

it hiul lioeii re..plkhed he Ml that hi^ motives might lie impugned 

if lie Im ■ i -i l r1 1 ■ ■ a candidate fnr I lie diri i-tMcship of the Survey, and be 
therefore flic lined to have bis turnic presented, It is proper to add 
that the scheme of itwgnniifiaticm which be advocated was not adopted 
in full. Mi* plan included the orgnuizuthin of three bureaus to cem- 
ducs invwttgntion in the field* of geology, geography, and ethnology, 
hut Fongless ('rented only two bureaus, leaving geography without 
special provision. The work of ^graphic mapping was taken up by 
tlie ^eologinfcl Survey as a meiiri^ for providing bnse maps for the use 
of geologists* itud lhu> I he Survey bus become a bureau of geography 
as wadi si* geology. 

Two years Inter* when Powell HUcceedi*! King in the fkliiiinktmtion 
of I he f TcoJogiciil Survey h, he found the subdivision of the work 
arranged largely on geographic lines. There were branch offices at 
Denver* Sub l^akc City, and San Frajidnco* each in charge of a chief 
who directed the geologic nnd topographic work of a large district. 
For this classification Powell gradually substituted one- hosed upon 
function, a In dishing the d ltd nets and separate office* and creating divi¬ 
sions nf topvgnvphy, general geology, mid economic geology, tjtfordi- 
uate with divisions of pdeontology , physio, and chemistry. A realor 
geographic daasiHcution was still used, but was subordinated to a 
subject classification, 

( .areful attention was giviul to the financial svstein of the Bureau, 
the nine hmi'ry by w hich the publb funds were paid out and uncounted 
for. and th, wisdom of this altentbn was afterward* fully justified. 

4111 LM ^ r jeaire the affairs of the Surve}' were subjected to 
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unfriendly and Heardiing investigation the m-eniud* were found in 
such perftvi condition m to elirit the highest praise of 1 Jim Comptroller 
of line Tintsiicy, to whom the result* of tlti> investigation were finally 
referred. The reputation of the Survey for good business method* 
inspired the confidence of legislators mid led them to pmvid*' for the 
growth of the Bureau, not only by the increase of appropriation^ for 
existing functions, but through the gnidual enlargement of function. 
The moat important single addition to its duties wn> that of shelving 
the water supply of the country with reference to various economic 
problem*. 

Except for the original suggestion or instruct ion by Professor Henry, 
unit i'^eepr for the votes of funds by Congress, [he Bureau of Ethnology 
may la; regarded as PowdTs creation. Work on American ethnology 
had previously been discursive, unorganized, and to a large extent 
dihdantL He gave to it definite purpose*- conformable to high M-ientitic 
standard-’. nod personally trained its; corps *>f investigators. To men 
who had previously interested themselves in the study of fail inn* he 
gave new methods mid a new pant of view, imd he surveedt'd eh divert¬ 
ing to ethnology men already trained in scientific methods by work ill 
Other Helds of ivsenrrh. He realized, as perhaps few had realized 
before hum that the point of view of the savage Is essenlsnlly difTen nt 
from that of the civilized man* that just as his music can not V recorded 
its the notation of rlvtli&ed musk, just as his words ntn not be w riib-n 
with the English alphabet, so the structure of hi* language transcends 
the foriimhe of Aryan grammars, wad his philosophy mud social organ- 
bullion follow lines unkiiiiwn t sa the European, Heal-su realized most 
fully that the savage b the embryo of the man of highest vultures and 
flint the study of savagery is therefore a fuudiuueutul contribution to 
the broadest study of humanity. With these ideas ho informed his 
ethnologic corps, and in cunsdiucrico of them thu organ izuliun of the 
Bureau mark- the most important epoch in Amorictm ethnology* 

The same personal inti mince extended to the work of (he Anihropu- 
logical Society of Washington, Over the pntijetdiiig* of this soviety 
Powell presided for mmy year*, taking part in all its discussions mid 
making it his special function to point out the ba&iing and relation of 
each comm tin tndiini to the greater problems and broader aspects of 
the science. As the bureau was ami is a laboratory of ethnology, 
devoted to the study and record of the character and culture of the 
fading tribe* of North America. -o the stadety, including the smie 
group of students, was atid h an arena for tin 1 discussion of the 
broader science of anthropology . I hut echo the general sentiment of 
those students hi saying that the high intellectual and scientific plane 
on which the work of this soriidy is conducted is a result, direct and 
cumulative, of Powell's influence and example. 
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Before turning U* Powell** direct rorit rihutions to Hi icm r. Tiientiim 
should lit? 11rude i if bin studm- in biology. In eiirlv matdutod he was 
an assiduous collector of plants* fresh-water shells, and reptile* umd 
thi^ work wjis accompanied hv studies in distribution, hat the results 
of such studies do not oonatituto u contribution to lKifluiy and zoology. 
The work was properly a port of his tdikfttivn* a training in the art 
td nbfmrvarioiu which We fruit, only when hi* attention was turned to 
othtsr branchrs, 

Hih contributions to geology include a certain amount of dc&uriptivo 
work. He published the stratigraphy, structure* and part of the a rad 
gvmlqgy of the Colorado plateaus and the l/intu Mountains. In eon 
neclion with the field studies in these districts he developed si new 
classification of mounts ins, by ^ructore and gnosis; a structural clas¬ 
sification uf dblncatious: 21 rlussifjcution of valleys: arid :t genetic 
class i gent] on of drainage systems, His classification of drninwgc 
rccog-ni^itl three modes of it[ which two were new. With 

tin 1 novel ideas involved in the terms ^superitnposed drainage'* uud 
^antei-i^dem 1 i min-Jige were associated the broader idea that the phy¬ 
sical history of a region might Ins read in part from a study of its 
drainage system in relation to its rock structure. Another broad idea* 
that since the degradation of the land is limited downward by the level 
of the standing water which rec eives its drainage". the type> of [and 
srulpt Li r 1 throughout a drainage ami are ruMditloncil hv ihls limit, 
was formulated by means of the word "luLse level / 1 Those t wo ideas, 
gradually dev+dopi-.l liy a younger generation uf tdmkiits, are the f 1111- 
<lm Mental principles of anew subsoil'nee of geology sometime? culled 
gCKuuprphobgy* or physiographic geology. 

The hL ientifie study of the arid lands of our Western domain in rela¬ 
tion to human industries practically began with lVvelL Early in his 
govern mental work he issued a volume on the binds n£ the arid region, 
and he continued their discussion in one way or another for twenty 
years, setting forth the physic-ill condition- associated with aridity, 
tie- |Kiroxysnnil character of rainfall, the dependence of arable low- 
land?' cm the rainfall and snowfall of uplands, and the generous 
rrsjionse of 1 ]n i vegetal ton of and regions to the artificial application 
of water. Emphasizing the necessity of irrigation to successful iigri- 
cullure. he pointed out the need of i^usurving stomi waters by artiti- 
rial reservoirs* the need of applying new principles hi legislation for 
the regulation of water rights, and the need uf a new system of laws 
for Lho control of title in arid kinds. liiese Ideas when first advanced 
wi n? the subject at hostile criticism because they antagonized current 
opinions jls tit lIh- a™lability of our \\ cstern domain for settlement: 
lust he afterwards found himself juirt of n general movement for the 
intelligent develcjpment ipf the West, a movement whose latest achieve 
uierst is the no-called reclamation Jaw* 
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| |n pointed out also that our land laws did nut jM-msii the Iran | 'nix- 
tu it Jiind&of the West to be acquired, by private owner?; in t nuts large 
enough for economic umnagement, and that overstocking and periodic 
disasters w ere the logical results of public ownership; and Ms ideas 
as tci- remedial legislation were embodied Lit the unheeded report to 
EI ie Pu 1 1 1 ic Ln nds O mu a i issior i* 

In descriptive ethnology Powell's jmbLkhudeontrihutjon^are meager 
in comparison with his IkkIv of observations and notes* They are 
comprised in u magazine article on the Mold, an essay on Hie W vnn- 
dot| and a few myths, eh telly Stash on mn T introduced in various 
writings for illustrative purposes. In ln^ “1 at kmI notion to the Study 
of Indian Language*-’ be gives instructions for American ethnologie 
observation* covering not only tin- subject of language, but arts, instb 
tut talks, and u ill bology, Other wri lings hcl'Mig imin- properly to 
anthropology. and rtau] with Its brooder prirnipk-*. J■. a ...He. of 
e-sny^. deigned as chapters of a marnml of aiitlimpology but actually 
published as occaslona] addri ssi s and never assn midis!, he |jobits > iut 
the lines of evolution in the various behls of human I bought ami 
activity, philosophic, linguistic, esthetic, social. and industrial. The 

gi»und covered iky these essays k so broad Hint a brief ... is 

mipagdbta* They In elude the ideas which We directed tbo work of 
I lie Bureau of Ethuology, and they include also nmeli which Inis bumd 
no immi dintv application, ta longing In fluid* of tbuughl 21s yet un¬ 
touched by others, As to their ultimate value future generations 
must decide, but they stand nearly or quite liiiiqiK-a^ a comprehensive 
body .if philosophic thought founded on the rmii|Mrisi>n of aboriginal 
with advanced culture. 

In hitler years attention was gradually turned from imtlirotiotagy 
to psychology and the fundamental concept* of natural philosopbv- 
I li^> inti rest in these subject- ta-gem in early manhood* and they aits 
briefly touched in various writings; but he gave the last right years 
of his life almost wholly to their study* Two hooks were written and 
a third planned. “Truth and Error* w which appeared in isno, treats 
uf mat tor. motion* and consciousness a* Feinted to tile external universe 
or the field of fact. 4fc Good and Evil/'printed n*s a series of essuva 
in The Anthropologist with the intention of eventual a^emhlagc in 
book fontt| treats of the same far tors as related to humanity or to 
welfare- The Held of the emotions wsi^ assigned to the third 
volume. I Ik philosophy was also etuliodied in a series uf poems, of 
which only one has reefciyed publication. 

In much of bis seieritilir writing Powell's style is terse to a fault 
t simtly lie is satisfied with the simplest statement of his con cl usinns. 
Sometimes he adds ilhi^Eniiicms. Only rarely iWs he explain them 
by setting forth tboir premises. It hits thus happened thnl some of 
Ids earlier work* though eventually recognized as of high importance. 
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was sit !iist either not appreciated op inisuiiderstixwL Tin- vulii^ of hi* 
anthropologic philosophy, though now widely appreciated, was roroi'- 
nlaed but slowly outside the sphere of His personal influence. His 
philosophic writings lulling to a Held in which tliouighi In i« ever found 
knguugo inadequate, uni are for the [invent, so far as may lie judged 
fnmt tin - review of “ I null and Errol 1 ," largely iiiisundfirstood- Ad' 
witting myself to In- of those w ho fail to understand much of his 
philosophy, I do not therefore condemn it as worthless, for in other 
Helds of Ids tliought events have proved that he wus not visionin', hut 
merely in advance of his time. 

lo the tuition he is known as mi Intrepid explorer, to n wide public 
as a conspicuous and cogum advocate of reform in the laws affecting 
llie development *pf the arid \\ esL, to geologists as a pioneer in a new 

pruviin.f interpretation mid the chief organizer of :i great engine 

of resi'iij*eh, to anthropologists as n lender in philosophic thought uud 
the founder, in America. of the new regime. 
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By < Li ah Iskaku 1 


Germany of the hitter half of the nineteenth century ia so entirely 
different in almost every respect from Germany of the period whk-h 
preceded it that if U difficult to mdizc the actual transition of the one 
into the other. The bustling political and economic movements of 
to-day, and the wenem! uplifting of the whole rtnulRion of culture, 
were pm-rded by a jieriod when either an apathetic or it friendly 
idea lie life might In* vailed forth. aorovtiirig to local condition*. And 
yd « 1 1 • - two .IccjcJi - immediately pn-cci ling the yenr weiv by no 
means a dead time* for although hut little apparent iipim the surface 
Mil! iheim icft' m deep and regular, untiring and fresh movement in 
thosn days, the activity of work. A work for culture wie being com¬ 
pleted which hud consciously for its purpose the Awakening and prog¬ 
ress of the nation. It U no accident dial the generation which then 
grew up lived to see greater ehango l s eii the 11 fcithirlninl limn any that 
hud preceded. Plim-nuudt d fierrmui science, untroubled by dimiviri- 
Ltir jealousy, has never failed to ri-mgrike the mighty intellectual 
stimulus which she has ofttimes owed to foreign hunk; hut she ever 
remits with just pride the purely national development which liris gone 
on unceasingly from the time of her own IntelWtmd giants of the 
eighteenth century. This movement matured its best representatives 
in the year" of external pressure, for ee w hs in these very periods of 
stress that iittcd I echini activity found the time to ripen. Living on in 
the trudilions nf the undying classics, thft Gcnium school formed the 
men to whom we owe the Germany of the present One hy one they 
pdiss away—these landmarks of the Gmimnie culture of tho nineteenth 
century who brought, it to Ileforc unknown excellence—and now, in 
his turn, is Rudolf Virchow departed from this life. 

Rudolf Ludwig Kart Virchow was bom on October 13 , 1811* hi the 
tow r n t>f Sehievclbein, in further Fomiiipmnja, Much of interest 
regarding his childhood i* disclosed in the account which he himself 

iS Tninsluteilp by |n?rtiiiit4un cl alii her tm*l pabllulirna, from the " iMntifrlie iGund- 
odua M nf ht‘cember p lucKj, 
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set down in Die EiLst^r viM^tinn of I83lh This first litei^Lrv prodmv 
tionjfaeerves in more thm* one respect the publication awarded |o It 
by the Prussian minister of education in tbft eightieth year of its 
authors age, for the reader run see depicted in the child 7 ** inner life 
iiiiiny uf the gems at eluKuder which umnisiaknMv dcyelojuMl in tin- 
work of inter yearn 

The youth of IT expresses deep gratitude for the los ing care of bis 
father, the treasurer of the town, who was enabled to meet with belly¬ 
ful ness nil the diflieultie^ whii'li rose up to oppose 1 the eager human Lst hr 
nml lit toes of the s*oti. Reading mid writing were learned from the 
father; and at tin? town school and with the clergyman of the parish 
be continued his preparation for college. But the way was not ipnde 
eitsy for hi in. The methods of instruction of the rector must have 
born i put r | n ■ i-a a I ] :i T. “lie so overrated mv knowledge ihrit ho gave 
saver the instruction of some fieginncrs in Lulin to me* so that J myself 
forged what little 3 had learned." The young teacher was at tbut time 
hut 11 years old. I *r i v n to i n st n let ion with t fie p rt >ach c r T Oa lit ask o \\\ 
remedied these defects, however. ho that the happy student entered 
the third class of the gymnasium at Koslin on Min 1, 1835. 

En the publication of the miriNfer of induration. there is a portrait of 
the boy at Almut J years of agi- which shows a friend I v child fare with 
large- vide-openi-d eves the corners of the mouth a little drooping, 
and the expression one of inlorcsfed attention. The presence of certain 
aimtcsTiiifiil peculiarities which appear in later photographs, indicate 
that the portrait must have been well drawn. By the aid of this like¬ 
ness the reader nut picture to himself the student at the gymnasium 
wini discloses in his diary liis thoughtf id spirit, and tn whom the 
extraordinary eagerness for knowledge, (lie sharp -elf-criticism, am3 
the love of truth have left the impress of an early tiiuturity. 

The midesimldi" influences uf unworthy follow-students upon Ids 
impress^mahle snul vivacious temperament during the second year 
wero overcome ns a senior. He was certainly an exception among 
young men of hi* ago in that he realized whnt threatened him* He 
writes S *I can at least unsure you that in the pursuit of pleasure I have 
al ways sought to keep within proper bounds and I believe I have 
generally succeeded, at least Ho far E hnl mv studio- have not suffered, 
nor even has my healfch Ih'en impaired. The good spirit which rules 
among my classmates - rf the senior year has aided rue in this endcAVOri" 

lli> favorite studies were the natural sciences* history, and geog- 
mphv, as well as the nncierit classic writings of Cicero, Sallust* and 
among thc l r reek^ Sf>phoclas. To tle-.se lie devoted Ilis spare hours* 
Euil at the same time he did not neglect to improve himself by reading 
& rctieh and German authors. The highly gifted hid early showed n 
strong tendency to reflection, and soon iiiajuircd a solidly grounded 
and copious store .if knowledge, which enabled I he young student to 
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bring to his atudiei el ripe understanding =iu J a critical riir*-riii Miration* 
Far hotter groimdcd in the older tongue, especially the LatirL, than 
mir modern Hrtaidents. Rudolph Virchow rMatned 'through lift- secure 
mastery of them, and in his Inter years he exhibited si keen aoimitrve- 
nessto the barbarisms of which Ike present acieutitb generation i* not 
guiltless, In the year LSS't he gave an earnest exhortation to his feU 
low-wo liters it ml the rendersof his periodical 19 in regard to this matter, 
awl still Inter he again uttered a word in favor of a good terminology.* 
At Easter time, 18S0, at t.ho age of IT years and tf months. Kndolph 
Ymdtow passed firet among eight students at the examination* nnd in 
the autumn entered as a student of medicine at the Kftuiglich mudbd- 
mseh-ihirurgisrhe Friedrich Wilhelitfs lustitut lit Berlin* (This was 
the so-called Pepmten\ now" Kaiser Wilhelm'# Aruderme ffirdas iiiili- 
tltrflrztlirJic IIIIdlingswraem) Ho went through the regular i-oursr of 
the ,# Elen n,-' but found time for private research. It is 111 ] interest- 
iug 31lust rut inn of \\h habit of mind that the future military surgeon 
heard the lecture# of Friedrich Hiiekert's colleague upon Arabic poetry. 

April 1, lB48 t ho wus appointed **tlharite^hirurgusF" which cor- 
responds with the present position of assistant physician. 1 li- entered 
immediatdv into practical work which brought rip a host of sugges¬ 
tions calculated to develop the germinating ideas of Ins student days. 
He felt that ho nuistfdltl leans, and the! athor-nugli scientitiviHlitration 

was ;l necessity for him. and was. therefore, not .. merely to 

follow on with his comrades, but chose for himself his own i-ouxse* 
The one who exorcised the most influence upon the student wkb 
J ohannes Mu tier, the many-sided master, preeminent Iji each of the 
several lines of work which he undertook, lie early Iieciuue Vir¬ 
chow's ideal, anri si he remahtod. In the masterly memorial address 
which lie delivered after the untimely death of Muller, July *24^ 
IS5*. Virehow gave fitting Utterance of the deep teelmjg# of gmtitudu 
which hr ever cherished toward the master, Apptwinline objectively 
the extent of MnllorV talents and aehieveincnts. lie misint for him an 
undying memorial. Eminent ;is an anatomist, ssoologisl, and physiolo¬ 
gist, Mulli r was not less eminent in pathology; hut the pupil who was 
to carry forward his work to unim&gincd further development crowns 
him who had destroyed tin- false philosophy of Sind Hug with "the 
laurel of the true natural philosopher of the mil lleshimd blood. He 
sketched w ith iirm hand Mfillers development from almost mi srieul 
tendencies to the true spirit of exact scientific research, and attributed 
to 4i Nature and Oooth® r ei powerful inti turn re on M filler’# intellectual 

■ p ItiirtiarbiiiH iik mediail liuitfiiajji 1 . Aidiiv t. |mihMf4j«tie Aaatotple a, f‘h^- 
oloflieu. f. kLanu-u-lhi- Median, voL 01, pp. 1-13. 
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development, ]M*rlmp« recalling his own experiences, for Vireliowa 
own thought* had, grown up tn Goethe's school. 

It fell to \ irchntv ulso to do]bar a memorial address for tin- other 
inustct. a ho, next to Mailer, Intel ux^rted tin* jrn^itt'st iitlhiriKt) upon 
him. This wax fur Johann Lukas ShOnlom. and was delivered at the 
Berlin t hi varsity in In Imfh these addresses wc rind iiiuiiy 

tilings indioLtivc of Virchow's own course of growth, hut still more 
numerous are the interesting historical references. Particularly vulu* 
able are notes on the development of medicine us a science in tin- first 
half of the nineteenth century. While yet a student Virchow hud 
aided in this, and Mure the end of his student days he engaged 
actively in research along these lines. On October 21, jspt, the 
degree of doctor was conferred upon him hy Johannes Muller (then 
dean of the faculty of medicine) for his work on the in Ham mitt ion of 
the cornea (Da rh ruinate prassertirn cornem). Rudolph Virehow 
remained for a Jong time assistant at the charity hospital, but on 
March IMiJ, he passed tin* state examination, with the added com¬ 
mendatory words ”very ginal'* and "as operative surgeon," The 
time preceding this, however, had been a very important period of 
his life, for ho had twgiin iii' career ns » .student of nature. More 
and more lie occupied himself with tin scientific treatment of the 
anatomic mute rud of tin- huspilut, assisting the demonstrator of 
anatomy, Robert Kicuicp, who, with just respect for his ability 
shared many operations with him. At the solicitation of this dis¬ 
criminating friend, the general physician. Grimm,appointed Virchow 
to the portion of assistant at tile dissecting laboratory of the hospital 
in the year l*H. 11in gratitude to Froricp is suitably expressed in 
the preface of a volume of collected works* dedicated'to his master 
mill friend, and doing honor to lavth rim-ter and pupil. Almost ten 
years after he himself had becotnij in his turn demonstrator of anatomy 
at the hospital, this volume, in ivliich his scattered and often difficult Ir 
sivccasilile papers are brought together, wna -led ini ted hy Virehow to 
the man wlju hud guided his li rst stops in I he lino of scientific inquiry. 

_ ^hi May II. 1846, not two mouths after passing the state examiua- 
ti o, i. Virchow beeumo act ing demonstrator of anatomy at the hospital 
m the place of l-roriep, who hud retired, although the definitive 

appointment win* made *.. on his reparation from the military 

connection. I he impression hud been current that Virchow's dejair- 
inn* from tile lVnpimure Was not voluntary, but in eonxcipieuce of dif- 
fare Dees there: but, in reality, the caac was exactly the reverse. Ills 
diqtarture was «coom|Mniod by the cabinet order of April 6. 1847, 
which expressed ill a most gracious way tile appreeintion of Hi* « ieu- 
_ bd-'-s :> m l released him from aoma yuara further mih*taiy service 
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for which he was still liable.' Not yet * 2 $ years of age. \ irchow bid 
now the opjiortiuitty of developing his powers in Lis own way.. 

The position of demonstrator of anatomy hsul grown up from a 
rather slender beginning* The somewhat infrtH(Uoui opportunities of 
rou d rilling and broadening diagnosis by post-inerteni exilingnation had 
been almost axelmdvidy rouliued, during the eighteenth n»ntunr mid 
the fin4 third of ihe nineteenth, to the phydeiaris to w hom tin* eare of 
the patient had been eooimJtied* Only of lute but the need Jw-come 
apparent of physician* specially prepared for this purpose. The tifsi 
demonstrator who had been attac hed to the hospital stall was P- Fhftbus* 
but he remained little more than a year in this rapacity and Imd 
resigned lxN.Ui.tse be roil Id not defend himself from the cx-iusiuna] 
eiuTiTfivhments of a military surgfcPiu lie was siircecded by Robert 
Froriep, who was uppoSnti^d. mi December '12* ISSU " Demon¬ 
strator, illustrator, and curator of lithological prpjiotnilions at the 
Royal tlmrity Hospital/" There were set apart for his use only a 
room and bed dmmber, find it was not till lwfct that upon a detailed 
memorial of FroriejTs to the ministry T in which he stated dearly and 
at considerables length the pressing need of it. that n good microscope 
was procured* A single attending nurse. Finn Vogelgesang* was. at 
the time Virchow succeeded Froricp. the most important jx^rsonage iit 
the administration of the little realm. In the occasional cori^jxmih 
rube relating to the purchase of improvements or !<■ ether iiitiriuL 
arrangements her signature was never lacking* hut appeared together 
with those nf the phytsiftiaiu and hospital director. The considerable 
n * |jutat ion wbich “Ms idai u \b jgolgi-sang " ehj t sy 1 ■* 1 fitr Ite yr>ti 1 1 the 
ftoundaries of Germany was due to her great skill in dissec ting opera- 
1 i < hi s_ * A t ii rst a voluntary assistant t V t rc t u 3 w was soon i ntnisb 4 l by 
the management of the charity hospital with the chemical and micro¬ 
scopic in vesligatlons necessary for the sick wards. I hese duties, now 
divided ill all great hospitals lie)ween spH-ial luhomidries with trained 
personnel, ware very extensive and lultorious, hut with tdiaraeteriafeie 
energy and inspired by i&u illmdrioiL- example, Virchow ^wni showed 
a complete command of the situation. lie >aw in a comb lual ioj* of 
chemical with anatomical researches the possibility ■ pf attaining an 
object of capital importune namely, the creation of a pathologic 
physiology as the result of prearranged studies in anatomy and 
pathology, eon 1 bined with expertmental pathology and chemical oxjni- 
rieaee* This experimentally founded science he sought to sulnstiiiUe 
for the eon fused speculation then ruling < iennan medieal pniclie.. 

The intense activity of tin- ymingMwnnl in the dissecting imun of 

nXffl vcfcrs 3at er I h'liuhi iU/., win* Km I iiitamtsE t Ej ■ - male of rtaflNUniom in the nub 
ittiry serving nxvivtwt his 4i*eharne in the rmae fr»nu, 
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lilt} charily hospital w*i* rewarded in L84'j by the grail * threw of bb 
investigatton on “white Mood*** 41 (A>n tinned studies ii-d him to rise 
de^rjpUon of n hitherto unknown form of <lisoaja^ to which he biter 
oiive the name of l>nieixyt hernia. Meanwhile Virchow hud nlnaidy 
hoeimir lecturer on pathologic anatomy, and luid given practical course* 
On the eudiiwri in which he developed the tcchiiiijuo of dissection, arid 
which Inter formed the ImlsLs of the Prussian ^Kcguhttinna for the 
practice of inedic.nl joHsprutleura in examination^ of the human cada¬ 
ver,' 4 < Vther mimirie- fmtued regulation- m i ideled after these, so that 
the practices here prcmmlgnuM have become to considerable degree 
the standards for the whole 1 world. 

\ irohow early became the center of si circle of congenial friends* of 
whom the more prominent were Ludwig Fnuike, the great clinical 
physician of that day, Ihidnlf Ijcuhiisc-hpr* und e^p-eiallv Bcnno 
Heiniiiirdb The hitler wsi* nt a rMJH'id, quiet. Mudiou-H imture, but 
-till capable of L-ing stirred |<► pissionate outbreaks in she warmth of 
Mdcnlllic entlim-iu'iM. nod >lood with Virchow in the ejiger scureb for 
truth and in revolt, against the uuthoriiuri ve En lli fs aotd the nititickI 
syx inis which then prevailed in the medical science.* From this 
fti lly alliance grew up thiit powerful iiHirtifuenl in the warfare! for 
the new rjqhrrinLcuhd -cionc*' of mcdii me, the "Arrlijv fur jjutholugi-c 
Anatomic und Physiologic tmd fur kbhiselm Mod 12 in," *" Hud it not 
lieeu for Muller"* Aivhiv," w rites Virchow liter, 4i we slum Id acorcdy 
yet have known in Cieniiany how u sdentihe journal should be con- 
dii-i- e. " bnl Muller"* journal occupied another iieM + being rhielly 
coiteemed with normal anatomy nnd physiology. ^o that pathology 
found only <K. k raa]onal place in it. The "Archie ffir physinlogisrhe 
Meilkmuie/’ published in south Germany, os well ns the *'Zeiteichrlft 
filr ruLlondte Med i rim" were so one-sided in their editing that, the 
friends were refused a place in these columns and found themselves 
obliged to found a journal of their own* Virchow rmilted with grat¬ 
itude how in flaeac circumstance* lire publisher, ticutgu Ketincr* came 
their aid; who, si- he says* “had the courage to place hU meant* at the 
dkpuHi] of two almost unknown young men*’" Their prospectus 
appearing with the first number in April* 1847, h signed: f>r. Rudolf 
Virchow, Pro.sektor Ihuiu rharite-Kmnkimhause. l>r, Benin* Hein 
hnrdt, Practlscher A rat. 

A short notice by li T Hcinn r da Led Berlin, April it* 1847, lixes the 
price of the volume of three number-* sit three Ueruiaii dollars. This 
journal Lais now reached tin volumes. The Hrst volume, of whose 
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fourth?ii arttak’S Virchow contributed eight, up] ware I in tin- course of 
the year 1*47, the second in Both editors had been curried 

away by the political storm »f 1*+*, and thus the regular progress of 
their work was interrupted, but, jmtwithataiidfiig this* Vin-how mid 
Irttubwvher started in the interim the M^duriiiischu Reform, a weekly 
periudicaJ, whoso first truniber appeared July ItL 1S48 j and whose brat 
number, 52 t was dated June 29, 1849, It was a fighting licet, w hich 
had for its object general reform in the cure of health. 

This work fnr reform was the main result of the journey to tapper 
Silesiit, which Virchow had ljcguti with the ticheiiiien Oberniedusi- 
nainit, Ituncz, on February 2u. L847, at the behest <if the Prussian 
ministry, to study the epidemic of typhus fever which luul broken out 
there in the summer of IMik He returned to Berlin pa March 10, 
Ran*/: having preceded him on February 2 lb This journey is t^NMime 
famous from VirchowV report. which soon after ftp|>eured under the 
title, **Mitte11uu(feii fiber die in Obersehlesiun hersehendo Typhus- 
epideinie, 1 ** Virchow had lieim charged by the authorities with ^thc 
investigation of the scientific signilieimre of the nut Li in nf the epb 
ih-mir.” Hut 1*-siflr* a pathologic, anatomic, and eliidcal fnee^igutcou 
of sick and dead, which would have Hatched any other investigator* 
the report contains much uimv. He gives a monograph cm the eon- 
ilitions of society in l/pper Silesia in which Hie whole smdul ami 
educational history of the proving is set forth, and makes proposals 
for the treatment of the contagion. Painstaking accuracy, warm¬ 
hearted svmputliv and courageous fninkue*^ are everywhere in evi¬ 
dence* Virchow recognised that tins common medicines and dietetic 
regulations suitable to >i>cmulie eases were of little a vat I agioicst Hie 
epidemic, and that the endemic disease owed is- dangerous spreading 
character to the deplorable social condition^: ihe iguuraure of people 
and authorities alike favoring the diffusion of contagious niattri-f uml 
all contributing to diminish the resistance of Individuals to contagion. 
Only through radical political uud social reform, he maintained, could 
there come an offcctual remedy. The same mutter which the Paris 
Amd^mie de M6dccine had brought to the at tent ion of the Egyptian 
Government lie tnid Iiefore Hlc jiiiLhoritics in the following terms: 
i4 The logical answer to the *]tieatkm of the prevention in future of 
conditions similar to those we now ace ill V pper Silesia is therefore 
easy, and is simply tills: Education, with her two daughters, freedian 
anil prosperity/" This mens me which he here advocate 1 # led to I lie 
development of a thoroughly democratic programme. In his formula¬ 
tion of it, there were, to ho sun-* some fimiastic feature* resulting from 
the disturbed condition of the time*, Imt in the struggle of the next 
tea years not u little id it was adopted. The present liemdicent 
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operation of medical legislation L I ho immediate consequence of the 
tion exhortations of the young charity hospital demonstrator, and 
later on he took a lending part as medical expert and m pnrllannmtu- 
rinii in the drafting of this legislation. 

It wits ue this time that the T 'Medizinir-che Reform** begun the battle 
for the health of the people* Question of legislation and cunditloh* 
were chiefly treated by 1L Leubuscherand S« Neumann, white educa¬ 
tion and medical science were in the bunds of Virchow, All these 
problems were connected with the political background, and the r:un- 
di lions out of which they grew and which were neee^surv factors of 
their .solution were never lost sight of. In the article with the title 
“Cam; lusion*" in No. rrJ of the periodical* there U a ante of resigna¬ 
tion. Like the other contents of the last, numbers, it is unsigned,, but 
3s unquestionably the work of Virchow, who hud carried the whole 
weight of respunsibiJit v since the first of the i ear* The article liegins 
with a verse from Ecclesiastes, and this also np[)eurs in the concluding 
pa rug m | ill* which is a solemn pledge sincerely adhered to by Virchow 
in the remaining fifty-three years of hh life: 

ib Wr recognize therefore only the question of the healthful daily 
existence and daily bn-ad for the people, and dedicate ourselves to 
making the broadest preparations with which the hat lie can lie fought 
to ultilnaLe jiurn'^. The medical reform which we have advocated 
Wits u reform of ,-cleiice and of society. We have outlined, it^ prin¬ 
ciple.-. and they will force rheir own way without the aid of this organ, 
Imt every moment shall tinrl u- working for them and ready to do 
battle for them* We do not change the thing, hut only the place* L 
would he a 11 4 only useless blit fe>o ii>h to m> u r yoniig scisi li iin>ng ?-toiics 
or toplant it in the earth in winter* ■ To everything theni ha season, 
and a time to every purpose under the heaven* 

Virchow was thus so deeply connected with poliIdeal questions* even 
though not occupying himself wilh the minor details, hut only with 
the luain princijdcs, that his pay imd allowances were suspended fur 
a abort time in the spring of 1*40 on account of his activity as an 
Agitator, but still with all this Ids scientific work never wholly censed* 
The epidemic of ebulera In that unlucky year furnished him rich 
material for tils investigations. 

Sum after the aboce-mentiiim iI orders and their partial repeal (the 
free lodging in the hospital was not restored to him) Virchow was 
railed to the 1 diversity of \\ firzhurg, and he gladly accepted this 
opportunity of freeing himsi If from a situation which had In come *n 
unpleasant. In Wfirahurg began that rapid rise to the same degree of 
leadership in the world which he already enjoyed in a more limited 
circle* Before leaving Berlin lie published in the autumn of 1H4W his 
famous philosophic statement, " Die Kinhcitshrshel miigcn in iler wb- 
wcs>iint ft lichen Mcdmn, 1 in which lie gave proof to friend and foe 
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alike thin he hud delilienitely chosen fti- mbsiun and never 11 either at 
the dissecting table or behind ihe mienwcope. at the 'irk l>ed or in 
public life, in the manitaking r»f details forgotten the unity of prills 
eipIcB.*’ The "law of the unity of human exintehce and it« conse- 
i|ueneea M he hud treated in a number of sketches entitled, Man, Life, 
Meilieine, Sickness, and Contagion, and Inter he placed these essays, 
enlarged by i Humiliatingnotes, at the beginning of his collected works, 
it is not possible in a brief account to go deeply into the '* Einheits- 
bestrabungen,” which embraces tin* connection of medical roeearch 
with the most fundamental things of human existence. Much that 
now is accepted as self'evident stands here in the center of the Held 
about which the I untie lwtween the contending school# of ndetice raged. 
Questions of belief, the doctrine of vital force, which with that of the 
^spontaneous generation is now* long since Stud aside, and the system of 
medicine which hud Imuml medical thought in harritmd fust dogmatism, 
all Hud thoughtful and for tha time keen and courageous criticism. 
There never appears any semblance of personal uiiiiuusky. however 
fjharp the criticism, mid nil the positions are taken wholly mi objective 
giounda. 

There has recently been n widespread discussion si- to tin- position 

of Virchow in relation to fnndn.. religions question*, and many 

utterances have been attributed to him whose cynicism would make il 
apparent tliiit they could never have come from him. The position 
which he lirmly held is completely given in the following passage from 
fain “ Hinlieil>fa sl n lumgciu” 

“There win nut l» any issue la-tween faith and science-, for -s-ienco 

and faith mutually exclude 01.mother; nut in the sense ilml Mm one 

renders tin- other impussihle, or vice utsi, Imt rather that >■> faros 
science extends faith docs not exist, and faith begins where science 
leaves off. It can nut In 1 denied that beyond this limit the tv may In- 
real objects to lie embraced by faith. It is therefore nut the object of 
science to destroy faith, Imt Hitherto define the bound* rie* to which 
knowledge extends, unit within these to establish a uniform system." 

lie strongly attacked the materialism of Karl V ogt t whose H'Sinlt- 
upon Ids own tolerant position toward faith are unjustifiable. Though 
opposing dogmatism where it came in his way. he much more strongly 

opposed materialism, for he believeil it to lx.ire dangerous than the 

views of the church or those of the idealist, hut nevertheless he 
declined Sis u student of nature lo follow with this latter party upon 
truitsi-cndcutal ground. While desiring himself to usHOetnlc with 
science tile strongest objectivity, ha yet showed in his inter years 
unreserved respect for such degree# of subjectivity m* did nut spring 
from one sc usable violation of silent iiie irnlli. He is even charged 
with inconsistency because of his energetic opposition to Krnsi 
Haeckel at the scientific convocation at Munich in tJSTT. Haeckel laid 
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dcmmuhsl the iJitriM-tuuiti<jn of lias ttionistjr teaching in tin- -choola. 
\ irchow declined tu teach these problematic matters us results of 
lienee, for there rose up against it mt only the scrupulous reguid of 
the scientist for certainty* * hut bis revolt against any measure of 
compulsion in mutter* of bdfef. lit- remarked at tin? time privately 
to the writer «f these lines that ltoockvI forgot that he (Vinbow) us 
the re preventative of the people most he considerate for tie- feelings 
of those of a different belief. 

lit Wfincbiirg'n time of must diligent scientific activity for Virchow 
ureupirii the gjeriod of poiUicd pandygis following the outbreak of 
IM''. Hk fume was securely founded upun la is Berlin investigations, 
and especially upon Ihe fearless and successful attack which In? made 
upon t hi 1 - then prevail tug teaching of Uuki Lansky upon eras!#. The 
investigations begun in Berlin on disorders of tin* blood and the blond 
vessels and on parenchymatous inllarmimtion, whose tir>t germs had 
appeared in Ids thesis, besides other investigations <af the biology of 
the cells mid | issuer were completed in WUr^burg* Ilcreuhm VErebmv 
devoted himself with great success to resonrehes in experimental 
pathology* to which he gave a place with pathologic anatomy and 
chemical investigation. fclk greatest achievement In this field is the 
explanation of the processes of tlmmhosis and embolism (stoppage of 
the IiLikhI vessels by clot tod blood and the LHi]HittiUlon of such 
obstructing masses by the ci real at Ion), Such conditions might t as lie 
showed, arise from the cause of won mis. He sharply distinguished 
1 h‘| vveen the rorjt-equeACC-of Infectious thrombosis and the beneficial 
ours, and this and much of his other work was of great importance in 
leading ti> letter understanding of th-- infectious disease*. These 
investigations, with those already iMentioned upon the fever epidemic 
in l pper Silesia* and his studies in ISM on Lhc famine In Spessert/ 
gave the impetus to Virchow's work on epidemics, and with it the 
remarkable revolution of the practice of medicine in Prussia and 
throughout Germany in the next ten years. 

Still another field in which Virchow's work was to lie of the greatest 
value, he first entered while at Wurzburg. Ills first publications in 
this field were entitled; " L'litoniuirhuiig fiber don Cretinis mu.-, muiicnt- 
lieh in Fraukcu mid filler patlinioglsc he Sdiridolforfueu/' 1 and ^flber 
die YerbreHiiug des CretinismuH in LJiiterfmnkeii/** In these Vir- 

„ Atm Ueber Bem-ht der EuafkigaUtt] Yi'rHmnuihmg dmtsclair NjUnrfem her mid 
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chow commenced tlmt great series of jmthropolnghid pupei* hi Llll ‘ 
strict sense, from which grew up tbe modem combination of Anthro¬ 
pology, Ethnology, and Arohnwlogy. But principally he oeeuphd 
himself ut I his time with .s|a“eiul studies of tho mosl varied pathologic 
anatomic and chemical problems. They sill had for their common aim 
to provide an impregnable material basis for theoretical depletions 
through t hi' strict up;iMention of the seirnlilu method of exact descrip¬ 
tion of observed conditions. Most of this work appeared in the 
“An-hiv” and in the i( Vcrhandlungeu der Wurzburger piiysikidisch- 
11 it>d] y.i a When Gcsclbfrbuft,*’ which latter Virchow had founded shortly 
after his call toWfiraburg together with Albert Kollihcr ui itl Kiwiscb. 
He also undertook a great literary work in the editing of tin: ’ Hand* 
Imch der sperfellen Wthologio uml Therapie." in whose Hirst volume 
he contributed u long article on ‘"general distort lances of aliuiination." 
together with tin appendix treating of parasitic plants and animats. 
For the other parts of this great work, which included from l*;H to 
18TG six large volumes, he gained the c'oojwnitioti of n nmnlier of 

eminent contributors. Since ..mti\ .similar <-miq elutions have 

appeared, having for their object an encyclopedic prasentntion of the 
knowledge and science of medicine up to the time of iln-rr pill dicat ion. 
All these have in VireUnwV handbook tiieir prcinitorr and example, 
hut it is In-re impossible to discii-'S even its main features, 

]ii’ilie ants.. of ls:.d Virchow accepted a mil to Berlin, w hich tlms 

h*l him Inick to the original scene of Ids labors, but now under quite 
altered conditions. lie found him-elf ut tin- head of an institute 
founded mi tie- work which lm hud done at Wur/burg and specially 
devoted to the interests of pathologic uiuttomy.ejcperiniciital pathology, 
mid particular!} to chemical rescui-che-. To be sure the building 
which lmd been hastily mid economically erected by the hospital direc¬ 
tors, Horn and Esse, was not up to his requirements. There were 
necessary many changes and many re novations, one even n> late as 
1873 which greatly extended its usefulness hut not without seriously 
disturbing the work. Particularly the increase of the collection of 
pathologic anaLotnk preparation# suffered greatly tmd it cost its author 
great trailMt) to again bring it up with other branches of the work. 
But he succeeded in creating a renter for pal I in log ii' investigations, 
which with all its hmnehex, among them ti>e instruction of young stu¬ 
dents. was the forerunner and example of nil the similar institutions 
now tq la* found not only in Germany but in all civilized lands 
throughout the world. It would not lie too much to say that within 
liis institute pulsed the heart of sriem-c which scut the ideas of the 
master inspiring and bromicning through the III bn re of Ins pupils over 
the whole circuit of the earth. Here Virchow's* genius and wonderful 
forceful lies- found their full greatness and his life work took on iu 
lasting proportions. 
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A yen r before Virchow left WQradmig be had coined the word “cel- 
I ukr-pathology v which briefly designate* the nature of bis life wolfe.* 
The researches of the previous years, in particular those upon the 
oonnectivi 1 tissues. bad gradual(y brought to light the principle which 
was to occupy the place before shared by pathology and general modi- 
tiite. lint 3t was not till February, March* uml April of 1858 that Vir¬ 
chow delivered before an audience composed eliielly of the medical 
men of Berlin the twenty lectures which lie ]>i lI>3 ished in the same year 
tinder tin; title Cellular pathology ns founded upon the physiology 
and pathology tissues*’** 

W hen \ irehow commenced bis scientific career* the art of medicine 
was under the >taiup of different systems. pathology lueitig dominated 
Ijv Rokitansky. the great pathological anatomist of Vienna. Ih - was 
the founder of the so-called Viennese school of pathology nod had 
IP veil to it a di k 1 trine of dyscrasiis* constructed like its predecessors on 
it priori rather thiui experimental grounds. Although excellent hi the 
descriptions of diseased mndition* and well grounded in its nmitomy, 
^ \ irehow readily admitted. yet the third volume of Rokitansky's 
handbook of pathologic: anatomy completely ignored tbe method of 
exact research* He remained in the error of specula lie a, reviving the 
old humoral pathology in bin theory. and attributing all diseases to 
impurity inf the Mood, from which they were communicated to the 
solid parts irf tbe IhmIv* According to this doctrine these tatter were 
practically excluded from pathologii h considerations, while on the other 
hand Under the ru3«- of the dor! ernes of solid pathology the opposite 
hud been the <-a.se. Rokitansky had made little use of tbo microscope,, 
an instrument lirst introduced in pathologic studies near the end of 
the eighteenth century by the great Frenchman Bichat and used 
inerensiiigly in Virchow 1 * program with tie effort, as belays/ "of 
bringing the path of general medicine at least three hundred limes as 
dose to the natural course of procedure.** The figure* of course, 
refers to the magnifyfng power then employed. We now use powers 
at lea.-’t three times as high, but a power of three hundred would stif- 
Hee readily to disclose the dements of animal structure which corres¬ 
pond to the generally much larger cells of plants. 

Moreover* the discoveries of Sehteideu and Schwann had come to 
recogfiitmUj mid the anatomists Itcgau to think of rdls, although the 
concept ion of the origin of miigle idLs expressed in Schwann^ “Theory 
of free tell building” was by no means the true one. According to 
i bis theory the cells arose from a condensation of matter, or hhtotomUi 

* Archfci toL S p j«|v H-3SP. 
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named for Its connection with the cells the ^evtobJatffc/' This snb- 
stiuice was supposctl to form first the cell nHelens ami then die incfcw- 
ingshcjilh or cell membrane. sifter which u new genu culleet^t between 
the nucleus and cell membrane The mmmt ideas of life shftpod 
entirely upon the theory of genomtio jcquivtica, and for nil form- of 
life not ptsrtflessiug special generative orpins parentless genenitiou had 
to bo assumed, This view bus long since lieen overthrown; for the 
ferments hy Milliard Mitecher licit* mid for the vegetable parasites prin¬ 
cipally hv Louis Pasteur; while in the attack upon the theory of spon¬ 
taneous generation of animal parasites Mudolf Virchow participated 
with Itudolf Lnikart in clearing up the development of the trichina*. 
Bjioutaiicou-H generation was liSsUiued hit the theory of the format ion of 
the Cell frbtu the blastema, and tin* subsequent formation of a new coll 
involved a second proven of the same ki rad. According to the prevail¬ 
ing idea there were in the bodies of men and itiiilimL a group of tissues 
nearly destitute of cells* but Virchow** proof of tie- presence «>f rdls 
in the bones and cartilage, m well a- of their persistent [(n^nt^ in 
the connective tisaue^i dealt 11 heavy blow to the theory of freoedl 
formation, and this theory collapsed completely after I its researches 
on tile connective tissue and jKirChdiyomtou* irillimumition. That 
which haul been known as t ile Oytnbtftst* u more or les- regular substance 
lying 1s t ween the tadU, wits recognized as lifele^. In young, grow¬ 
ing, and particularly in embryonic tb>uc^. thccrllH were found Ci ■ he 
more exclusively cellular the younger the tisane* and only after the 
tissues reached a considerable age did (he intereeliuljir (iklssvs tipper. 
These latter, according to Virchow's theory, were not simply depend¬ 
ent for their formation but for their very substance upon the celts, 

which are the only living pails, and which for.h as experiments 

showed, onh from living <*dl> already present. Virchow. UHudly an 
enemy to formula."* coined for this relationship Th- expression 

cw fhfftt u rv// tf/tt. 

Uv numerous tests of the constitution and behavior of diseased I is¬ 
sues he showed that till 1 action of disease consists in the alteration of 
cells, and that the life of the individual depends upon the life of Ids 
cells. Nourishment* specific functions {work), and growth are all reg¬ 
ular actions of cells, while disown i* an a non unions cell activity. 

Virchow, aided by uLfi the medical iiiv&stigutioiiH which bad 1 n-cu 
. stimulated by Ilia experimental nehuol of thought, c< >n 1 timed to build 
up hip pathology upon the foundations which 111* diwuverieH in efdlu- 
lar pathology had laid, and the rcEhihir principle has been the Stasis of 
the greatest advances of the Inst decade. Indeed* it would not fie too 
much to sav that the whole modem science of biology is built upon 
The la tv of the cell *insession. and it is thi* which lifts assured to Vir¬ 
chow"' work its undying value beyond ihc tumnduries of strictly ined- 
ji-al science. To la 1 ^ure there hus come forward oecitdoually the view 
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thnl the lift* process do not reside lit the coll a- a whole* hut lire 
proper to rertalii smaller parts, the nature of whose activity deter¬ 
mines disease or Ju rtUh. hut these view* have not fwm maintained, 
Ihotqgy is cellular* and medical thought remains* ellular in ite pathology. 

W o have hitherto hem tracing the course of Virchow's life i ml 

noting the principal achieve.nts, which stand like milestones to mark 

his advance* Continuing in thfc way, wo inu#t ntiw take note of one 
of his grctiiist works, namely. ” Die kruukhaften (ri b scbwilbto* %l,J Itb. 
to lie su re. incomplete, f^r **nly tU of the proposed St> lectu res composing 
ii sipp-ai'isllh the two and a half volumes published, But what Virchow 
bus sci down in these three hooks remains to-duy. after ill most forty 
years, an indispensable reference work and a guide to those working 
in this subject, The exemplification of the srienlitiv principle of pro¬ 
ceeding to the understanding of a thing from nil investigation of its 
development* the deep thorough discussion nf a wealth of mu tinned 
cxpcrimctitnl tun n-ri at all tliis riPinhined w rih ihe brilliant presentation,, 
have caused the kh ( biholngie'" i h k hike rank a> the greatest of Virchow's 
works. 

dust n* he chose the genetic method Ln staking the explanation of 
rlic significance of all discoveries: by mi inquiry into the nature of their 
origin, *o also Virchow did not neglect to employ the same method to 
investigate the causes of jikenomeiLzu lie studied the ictiology of 
■li smses in the widest m-msc, and tils investigations of the parasitic 
di#c&M\s the nuiHjilion of aifectiops Uy the action of uniuml or vegr- 
table jksmisites w ithin the tissues, formed n con side mhlc part of hi# 
ictiulngienl research? 1 *, h is not ]K?ssible to enter upon them writ hi n 
the limits of this article, hut in the interest of truth it should he stated 
that at no time in his Ilfs* did Virchow mistake the importance of 
plant form* of disease germs, und never opjjosed any movements of 
thought leading in lliis directlnm Tim*, In we find in the Archi\ r ‘ 
“Beitragc satr Lehre von den 1 km Mrnschen vorkommctidcn pllanz- 
I iehtiii Pamdten. ‘ He gi ves here, among ntluir observations* t he first 
good deseription of fungus diseases of the lungs and bronchial tuht& 
i firwirfut-ttitfl tjfowx f/ta and /‘ti . wrrtmna)* 

His theories furnished the ground work for tin- later rise of buetcri- 
ologv- It was supposed hy many that there was un outspoken opjwe 
sitioii* or at least n distmat* on Virchow^ part, of the revolution in 
bacteriological method* which wok going on under the hudership of 
Kobcrt Koek NotIting could 1m* more inmirerL Virchow, who had 
himself done much in tin 1 interest of a scientific explanation of the 
many fsiels which lie had brought to light, had pointed out the direc¬ 
tion which this hniiidi of general |iufhidogv was to take* mid gladly 
riKuJgiitssed all contributions to the science. It was niilv against the 
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recognition of improved u-ssumptlonis against one-sided iiivestigatioiis 
and conceptions* rind (igflitfcHt premature generalizations that he pro- 
tos tod r The rent advances of ;etlu logical knowledga he sought cou- 
tlviLirtll x, with all the weight nf his influence, to promote and to bring 
to general recognition. 

Similar imputation* liavo been current in regard to his position 
relative to tin other disputed question. namely* that uf Darwinism. Ho 
hitfl numerous objections to some of the single propositions of the 
Darwinian theory: particularly as the result of his own ohsi-rviitiom 
he recognised mure fully than Darwin the jaithologie side of the 
t|nrstitpn cuf heredity. According to Vlrohovr the rise of n variety of 
a transmissible elm-rnctor pro&uppnses n ^deviation from the typo 
liT i■! therefore a pathologic (though liy no means a diseased) condition 
of the progenitor . m ' tT Tbo rAle of atavism he was ini-lined to belittle 
as one of ei number of unproved iissimiptiou*, but he was a no less 
firm lad lever m trunsfurmistn than Darwin mid dolman Friedrich 
Mi*ckfcl T w]i<ise great service to the theory of descent Virchow repeat* 
i-dly and properly emphasized/' 

How could a man full |o uncpl Darwinism who was so inlluem-i-il m 
his inleEIvctuul development by (indlit^iiiul under whose hand modern 
anthmpdogy baa become whai it now i% the srtriifcjfiv study of man* 
Start Log with somatic anthropology, in lmlntul expansion of 3iS held 
of work, in Isbfi he began Iris investigations in prehisioHe urehicukigy* 
At first lie occupied himself with (hr primitive history of his Poittmc- 
rauinii home region. to which s- ll student be hail al rend;, devoted some 
hwtorind studies that ap^^rrd in the " Halt Dclieu Studieji" and the 
^Ponmiersehcn Yolksblntt." From 5 his the field of hi* iiivi^tigatimis 
extended over the whole enrtli* t.Vmtribiilions from every >puiHer, 
-ome gathered in long journey* through Eiihijw, wintern Asia and 
Egypt, which he look during the vacations* and mere collertcd by the 
army of scientific discoverers who in the Inst forty years have priito 
trated to nil parts of the earth, furnished him with his material* He 
himself grasped the spade and introduced the scientific method in 
uiciueloginit i n vestiguthut_ It i* ini|KJss|l*1 e t■von to mention Ilere a 11 
his nmre important investigational and publications in this and related 
field* during the four busy decade.^ which followed* Only a few enn 
Im' tnticbed upon, among them the inquiry eotieerriing tho origin of 
the human rat e and its dispersion in the course of ages. He published 
umnerous articles filled with rich material in the " Xeitsrhrift fur 
Ethnologic*" largely conducted by him, and in the * k Verhandlungcn 
der Berliner (jesacILschaft fur Anihrapuiogy, Ethnologic and 

«Aielih% veil* J0tf t f« t 
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Ui^gesehiirhte,^ of whirls hr was almost sole editor, These rommuni- 
eutions. embrace f abides more tlu&n a thousand shorter article**. ascrh* 
of extensive independent publications of the highe-sfc importance. 
Among they* latter can be mentioned hero only the third volume of 
tin* magnificent publication hy hdfibcl and Kciss on the burial bold at 
A neon and the great work C'mma cthniea Americana which appeared 
in coiimietuoration of the discovery of America by Columbus. 

Virchow devoted himself to ethnographic studies no less than to 
oilier branches ofanthropology, and hens hcliecame a center to which 
the material streamed in from all side#, and from which went forth 
suggestion, criticism* and energetic assistance. This neverddh- man 
did not disdain to tenili travelers refunded in other lines of investigni¬ 
tion tile tintlmqxi metric methods; and indeed he found time for every¬ 
thing* ntid never left u piece of work to others iIjjiL tut could pOSsihly 
undertake himself, Tims* for example, for ten veins following' its 
inception by him in l$7ih he workinl up alone the data recorded in 
German school# usThi the color of the eye'* the hair, and the skin which 
has proved of such value feu the knowledge of the different branches 
of the Genunn nue, lie lias reduced the ethnology of his himielnnd 
to a practically (complete system* nud his work in thi* line has fortu- 

nsilely been put hi tthapo for popular appreciation in the Muse.fur 

den lsi \ie Volkfltiach t on, 

Perhaps one of his greatest services to the science was that he per- 
sunded the visionary diUetfttite Heinrich Schliomimn to undertake with 
norpfidd's help a rationally conducted excavation ut Troy. nnd. still 
n id iv. flint In- succcmlt-d in hringing the Treasure digger lan k with his 
unique sunt in valuable dLuweries to the fatherland. They have been 
placed perimmimtiy in the Srhliciimnn ball of the Muslim fur Voikor- 
kuntie whem they will remain ns nn enduring monument to Kndolf 
Virchow as well 

But investigating and collecting were nut his only activities, for nil 
this time he remained in the first rank of academic teachers* expound- 
mg riot only the fm t>* hut the philosophy of medical science The 
method he employed of teaching pathology was quite his own, but Inis 
bevuim 1 the example* not only for Germany, but for other civilized 
lands. I ie has disrussed the hatching of pathology in weighty papers** 1 
and, indeed* on several occasions entered into the discussion of gnn&nil 
u endemic instruction and its extension. He was no indexible supporter 
of the old classic system of education* for in his Kectumtes address he 
remarked tluit linguistic studies might 1 m- very well supplanted from a 
pedagoglctil |k»l(fet df view *'by the golden triad mathematics philoao- 
phy* and the natural Hcfancftri,” but still from consideration of the 

oPlwf Am taterdclitir. der ]«iUioh#»di«n AtHUuinin, ^Klinudie J^brbficliar / 1 
Vul. l\ e|i. fA-tlXl, luhI In W [jr*in p 11 Pit del iter ton ITnIvcOf[tuLion; M K_ Vircb'ev, 
Die jmthnlo^iachtt Aimtomk', jjjp iUUi!Hl T Berlin* itm. 
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.sources of cmr Western culture In* could not subscribe t<> » complete 
displacement of classic studies by the modern pruotfeal subject*. 

The great patbaLogicnl uud anatomical collections* which an- the 
results of the manifold labors of his long life* must stand in the front 
nmk for purposes of instruction in liis own branch of science* 
Although umcli of the material them assembled is priiiuirily adapted 
to purposes of pun- scientific inquiry* -tii 1 the objects were gathered 
by him chiefly with a view to their educational value. It must* there¬ 
fore, have l«en a great satisfaction to Kim to see in the newly erected 
lithologic museum a worthy depository for this uiiequalcd collection. 
Iti the arrangement of this museum it is not only the directly interested 
scientific circle, hut quite as much the popular audience whom instnic 
tion is considered. Hu formed si * pedal easily accessible exhibit to 
illustrate to the widest circles the knowledge most valuable to the 
general welfare, just as in his younger days be hail not disdained to 
endeavor to awoken in the popular mind by the simplest wavs and 
appreciation for the value of science. It would require a special 
article to tell how much work he spent on the object* of this collection* 
but an idea of the immensity of it can lw gathered from the fact that 
about 23,000 preparations in the pathologic museum hear labels written 
by Rudolf Virchow. These labels give in the most concise terms the 
chief result of an often extensive investigation devoted t<» each single 

In it) l this problems to who*- mitigation hu diivot^i himself, in nil 
practical iiuitterH which came U» his attention* nod in every V^mnrli of 
science with which Rudolf Virchow engaged he kept in mind the rela¬ 
tions of the subject to the public life. If at tin 1 first attack upon n 
new problem it was the love of knowledge for its own sake which 
spurred him on, yet in every case tin- wider application appealed at 
length to the warm heart and ideal loving mind that kept in view in all 
that he did the good of his fellow-men, I In put sway each tittle ego¬ 
istic striving and devoted his whole strength to the work, never hesi¬ 
tating tc lake up matters which hardly required the powers of a Rudolf 
Virchow to accomplish them. He knew that even in our Gennan 
fatherland, penetrated as U is by Kant's philosophy. m»t all men pos¬ 
sess that degree of trustworthiness which lie desired to see in all, but 
which in men of science he held indispensable. Til henever he failed 
of finding exactly the man to do a piece of work be undertook it him¬ 
self where any particular degree of responsibility rested upon him in 
the matter. A deep inbred modesty kepi him from any feeling of 
van it v, but it is easy to understand why be, the deep philosopher mid 
the minute observer, after he lievaiao acquainted with the real situa¬ 
tion entered into the political arena. With the keen vision of the stu¬ 
dent of nature h«* recognised the real cause of public ill-health could 
only ho removed by a general uplifting of public intelligence, and only 
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thus could further politic! degeneration lie prevented. His journey 
of iiivestigiitiuii in I'pper Silesia gave fijten the first incentive lo his 
polltiml activity. Although not niitundlY combative* hut rather con¬ 
templative and conciliatory, he did not lack in peraunal courage and 
sdf-foigi^tfulmws* and entered into political notion w ithout four of the 
consequent* of his outspoken thinking, and the more readily, per 
hapa, when his actions cost him dear. It was thus he entered at first 
into the political agitation and speedily iiecame the repraefenlat i pq of 
the people. The I'hamt-terirtHw which distinguished his scientific 
work lie placed at the servicse of the common weal, so that his imomies 
cm ltd hill admit in iiim an uncommon fullness of knowledge and a sure 
men ion, a never satiated desire mid capacity for work, and, finally, the 
thorough imnsrteii cions ness and unassajlidde veracity of the intm of 
science* To ts 1 sure he was no political seer, and the practicability of 
many of his recommendations was disproved in the trial, hut on the 
other hand it is certain that lie was in many (joints ill the right and 
that it was ins scientific habit of thought and the thoroughness of his 
methods of work which* in the thorny (ml I is of the nonprofesjsitinal 
parlinnientarian :is also in mtitiicipul Uf&, yielded those results which 
have been of such incalculable value to the hygiene of He Him 

Rudolf Virchow always strove after results, but wsn> little i^nieorned 
for the mere outward signs of them. The presence of the l«ttle steeled 
his courage and sharpened his desire, Sunil! vanity was wholly for- 
eign to him, and he could detect a flatterer at the first meeting* He 
was receptive only to such recognition as indicated tri itself that he wjis 
rightly underfdood, utid he made use of such recognition for his own 
guidance, fur il showed him she measure of the im^uluc^ of his work 
for the gene ml good better than, in his miMleflty. lie could himself 
have estimated ii. It was in lliis spirit that I Kith in politic* and in his 
scientific work he accepted the homage which flowed to him wore and 
nmn> ns* in the course uf the decades, his work widened. He is rcle- 
hruled In foreign hinds no less than in Germany, and he appreciated 
the national significance of Ids honors and refrained from putting them 
off that tin- prestige of his fatherland might not lack. The more 
Rudolf Virchow became I he critical n ml rolling center of German sci¬ 
ence, a* evidenced by his official standing and in particular in his con¬ 
duct of the great if Her liner Medizinisvhen (lesellscliaft," the 4 4 Berliner 
(iesellschnft fur An th roped ogle. Ethnologic und Ergcscliiehte," his 
leading place in German and international scientific congresses, a and 

■MVith 1 1in 11u‘t tnd eU-rerniKss he Hcwe fur ihe fflbjetts of hi- ■uldrvs-vet in foivifpj 
hunt- at’iiml -ir fusii■rit'a] praenurioTitf from the nntioiml tradition of the country in 
ijiiratlon. Tfnu in England he ffpeke ot ldi>eon in “Cbcrden Wert de* palhoInHe 
f* L l«'n Kitpuriiiwuii*.** In thlff address* he HupjM>md the Kiajdish incdiifll pmlnffloh 
in a Is Ijhii |r ■gahut the Ji rUgilvitaittoiiists, In Italy* Aiming others, be Hsose l he 
thi-piie JJ Manpgni und 6 vr nnaroTMbrh® l vishuitie ft Uddrv?* before the eleventh inter- 
aalionnl meAlnl at Rijinrf, SsiM i, 
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his pilin' 1>A an educator, tin 1 more hi- achieved custncipditan greatness. 
At this time when he has bat justt-fued hi* heretofore unbrakeh Intiorw 
it mn not yet Is- appreciated how great hr- had iiecotn* and how nrach 
ftcience lost by hi* death. 

In this short sketch only the main joints mn lie indicated; u Inter 
tilin' imist furnish the historian who shall truly interpret Uudolf Vir¬ 
chow and Ins epoch. Then, wi . all tbv doet.L'atary material now 

scattered in contemporary [M'riodleaL* and in correspondence mid 
nutiees throughout the world is brought together, an add put to view 
mn Ih' taken of the splendid otmihi nation of lot mini i|iia||lies which 
made the foundation of Undidf Virchow's greatness." 

Mis spirit will ever reside in the fundamental revolution which lie 

brought about in medical science and practice.. hi- work will go on 

iu the new paths he opened in nil departments of science which he 
entered, and in the methods of investigation which lie so unwcuricdly 
taught. Herein rests the tradition which remains with his disciples, 
and this is their weapon to use for the full freedom of learning anti 
objective teaching. 

laid, “Z<1 Hit'll ill" Virchow’s Ai'hlxiiffti-iii itetsalliUlge,” -tnUlchn Mif* 
nutnehriil. heft 10. 
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